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PREFACE. 



rpHE systematic management of forests hus long 
-■- attracted so much attention in England and her 
dependencies that a short account of the methods of 
organization practised on the Continent of Europe 
may perhaps be interesting to many English-speaking 
foresters both at home and abroad. 

A knowledge of Sylviculture is presupposed ; * 
but, as an English forest terminology has not yet 
been fully established, and many terms have only 
recently been introduced, the meanings to be given 
to nearly all technical sylvicultural expressions used 
in this book have been explained. 

In Part I* the methods employed in valuing forests, 
and the general principles on which their organization 
depends, are explained. 



* The only book I know on this subject in English is Bagnerb* 
** Sjylviculture," translated from the French by Messrs. FemandejS 
and Smythies. 
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VI Preface. 

In the Second Part I have attempted, while avoid- 
ing unnecessary detail, to describe the principal 
practical methods and all essential operations of 
organization, excepting those of surveying. The 
methods which may be followed in surveying forest- 
areas are in nowise different from those employed in 
land-surveying generally; and as treatises on the 
subject, by writers much more competent than I am 
to deal with it, already exist, I have not thought it 
necessary to enter into particulars regarding this 
important branch of organization. 
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DEFINITION. 



THE object of organisation is to enable the pro* 
prietors of forest estates to utilize their lands to 
the greatest advantage. 

The subject is divisible into two parts, the one 
treating of General Principles, the other of the Survey 
and Examination of Forests, together with the applica* 
tion of general rules in their management. 



PAET I -GENERAL PRINCIPLES. 
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CHAPTER I. 

THE MODEL FOREST. 

Imagine a uniformly productive tract, divided into 
any number {n) of divisions, or compartments, of 
equal area ; the first stocked with trees one year old, 
the second with trees two years old, and so on in an 
ascending series up to the n^^ compartment stocked 
with trees n years old. And let the revolution, or 
age at which the trees of any compartment are to be 
cut, be n years. . The land will then be parcelled out 
into a number of compartments equal to the number 
of years in the revolution, and each one will be stocked 

B 



2 The Model Forest. 

with trees one year older than those of a compartment 
immediately preceding it in age, so that there will be 
a complete series of groups of all ages from 1 to ^ 
years old. If, now, all trees n years old, that is 
those in the n^^ compartment, be cut, and the land 
immediately re-stocked with young growth, it is 
evident that, at the end of twelve months, the group 
of trees next in order of age, or ^ — 1 years at 
the time of the first cutting, will have advanced to 
maturity, while the plants on the first coupe will 
have taken the place of the youngest group in the 
series, and the plants of all intermediate compart- 
ments have advanced one year in age. At the expira- 
tion of twelve months from the time of the first cutting, 
we may, therefore, again cut a group n years old, and 
so on for ever, cutting a group n years old once a year 
without diminishing the standing stock. The yearly 
produce thus obtained is, in fact, the annual growth, 
or interest, of the material standing on n compart- 
ments, and is called the sustained yield, and a forest so 
organized is called a models or ideal forest, because 
it represents a state of things which is theoretically 
perfect, if never quite attainable in practice. 

If, in the case just considered, we were to cut more 
than the sustained yield in any year, we would be 
trenching on the capital stock and unable to maintain 
an unvarying yield. If, on the other hand, we were 
to cut less, we would not be working up to the full 
capability of the forest and have a certain amount of 
capital, in the form of trees, lying idle, and, for the 
time being, unremunerative. 
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CHAPTER IL 

INCREMENT. 

A FOREST may, therefore, be regarded in the light of 
a capital producing by its yearly growth a certain 
interest in wood, just as a sum of money which is 
lent out produces interest; and, in estimating the 
growth of a forest viewed as a productive money- 
capital, the rate is calculated in precisely the same 
way as in ordinary money transactions. If, for 
instance, a quantity, m, grows in n years to a quantity 
My at a certain rate per cent, per annum, p, we shall 
have, according to the rules of compound interest, 

For an investment of 100 units becomes at the end 
of the first year, 100 + p, and therefore m units 
become m C-^?^), because 100 : 100 + jp : : m : x. 
By the end of the second year m (^^3^) will have 
become m C^^^)^ according to the proportion 100 : 
100 -{- p : : m -^^^^^ : a^. In the same way, at the 
end of the third year the value of m is found to be 
m (^^1^^)^ and, generally, at the end of any year, ?^, 
the capital, m, will have gi'own to m Q^^^Y, that is to 
say, to m X I'Ojp"; and any three of the four magni- 
tudes being known we can find the fourth. 

Thus: ;>= 100(^-^-1). 

And, n=: ^og^Jog^^* 

log 1-0;? 



* Some writers estimate the percentage of the woody growth of 
forests hy means of this formula. This is evidently wrong. The 
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4 Increment. 

To save time and trouble, Pressler recommends the 
use of the formula j; = ^—^ X ^. This he finds by 
assuming that the mean mass (^^-^) is to the mean 
increment (^— ) as 100 is to p. The formula does 
not give very accurate results; but is suflBciently 
reliable for all practice.! purposes.* 



percentage of woody growth and that on investments are two very 
different things. The proper way of estimating the former for any 
period is by the proportion M: M -^ m : : 100 :p. 

* Pressler distinguishes three kinds of increment in value : the 
first due to an increase of the quantity of wood ; the second, to its 
superior quality when older, and the third, to a rLge in the money- 
value of wood. 

Example, — A group would yield, if cut now, 100 cubic feet ; if cut 
ten years hence, 150 cubic feet of wood. The present average nett 
value of a cubic foot is 2«. Ten years hence, it is estimated to 
be 3d., in addition to a rise of 10 per cent, in the price of all 
descriptions of wood. 

At the end of the ten years, the increment of the group will be : * 

8. 

Increment due to quantity (150 — 100) 2 =: 100 

Ditto do. quality 150 x 1 =150 

Ditto do. rise of prices ... 150 x _ — - — =: 45 

^ 100 

Total increment 295 

The increase in quantity is, of course, due to the growth of the tree or 
group. That due to quality is mainly dependent on the higher prices 
which are generally commanded by large trees compared with smaller 
ones ; a«>, for instance, when trees, previously large enough only for 
firewood, having grown into poles suitable for roofing, or when poles 
having grown into timber suitable for larger structures, command 
ever-increasing prices. Again, the introduction or revival of an 
industry, in or near a forest, — as, for example, gold-mining or iron- 
rmelting, — ^might cause a great rise in the value of certain descrip- 
tions of wood used in its development. In timber forests, the per- 
centage of superior descriptions generally increases very considerably 
with the age of the trees, and, other things being equal, causes a 
rise in quality. 



tncrement. 5 

Example, — In the Table on page 6, the yield, exclusive of thinnings, 
of a group forty years old, is shown as 458 cubic feet, valued at 
352*99. ; that of a group fifty years old, as 641 cubic feet of wood, 
of the value of 582*49. j what is the rate of growth per cent, per 
annum ?* 

By formula 1, 

= 51 

By formida 2, 

_ 582- 4 ~ 35 2-9 200 _ ,.g 
^ 582-4 + 352-9 ^ TO'"" 

The increment due to a general rise in the price of all descriptions 
of wood may be owing, amongst other causes, to improved methods 
of exportation, or to improved communications; as, for instance, 
when a road or railway, on being started in or near a forest, 
enhances the value of all kinds of produce. 



* Trees of about the same age and height, growing together in a 
mass, or trees growing in a sub-<;ompaitment, are called a group, A 
compartment may contain one or more groups ; if more than one, ' 
the area occupied by each group is called a sub-compartment The 
group is the smallest unit of mass, and the sub compartment the 
smallest of area, in regular forests. 
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The BevoliUion. 



CHAPTER III. 

THE REVOLUTION. 

The term revolution is used to denote the period of 
years which has been fixed to elapse from the time of 
the production of a tree, or group, to the time of its 
being cut down. It does not necessarily correspond 
to the age at which a tree is harvested, because trees 
sometimes have to be cut, or fall from natural causes, 
before the revolution fixed upon is completed. 

The length of the revolution may depend on many 
things ; such as the kind of tree, and the method of 
regeneration to be followed — subjects which arg fully 
examined in books on sylviculture— and the special 
objects of the proprietor. 

The principal objects of the latter may be classed 
as follows : — 

To obtain from the land the largest possible average 
annual return, (1) of material, (2) of money, (3) of 
interest on his capital invested; or, to adopt the 
revolution best suited to (4) natural regeneration, or 
some (5) special technical purpose. Revolutions fixed 
with a view to meet such special requirements are 
called, respectively : the revolution of the largest 
jnean yearly yield, (1) in wood and (2) money ; (3) the 
financial revolution, (4) the physical, and (5) the 
technical. 

THE REVOLUTION OF THE LARGEST RETURN IN WOOD. 

. By dividing the cubic contents of a tree, or forest, 
by its age, we get what is called its average annual 



8 The Revolution corresponding 

yield, or, for the sake of shortness, average yield. 
The revolution which affords the highest average 
yield of wood obviously corresponds to the one which 
gives the greatest material return. 

In the Table of Yields, at page 6, tlie average yield rises steadily 
until the 90th year, when it culminates; and from that time 
onwards falls steadily. Ninety years would, therefore, be the 
length of the revolution of the largest material yield in this par- 
ticular case — namely, 343 cubic feet of thinnings, and 1,247 cubic 
feet of main cuttings ; together, 1,590, with an average yield of 
1,590 -f- 90, or 17*7 cubic feet 

THE REVOLUTION COEliESPONDING TO THE HIGHEST AVERAGE 

MONEY YIELD OR NETT RENTAL. 

This is found in the same way as the last, the yield 
in money, after deducting all annual expenditure, 
taking the place of the yield of material. In a model 
forest, such as has been described on page 1, let H^ 
represent the nett value (i.e., after deducting harvesting 

expenses) of the annual cutting : D^, Dj, 

D„, the nett incomings from the thinnings of a group 
in the years a, &, . . . n, when a, &, n signify the 
number of years which have elapsed since the for- 
mation of the group; let r be the length of the 
revolution, c the yearly expenditure for cultivation, 
and V all other yearly-recurring expenditure on each 
group or compartment. We shall then have r com* 
partments, the annual cutting of the oldest, H^^ 
representing the (sustained) yield, and, as there is a 
regular series of groups from 1 to r years old, if each 
group is thinned in its a*^, 6*\ . . . . ?^*^ year^ the 
yearly incomings from thinnings will be D« + Dj + 
. . . + Z>„. The outgoings each year will consist of 
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(1) the cost of restocking one compartment, and (2) 
of supervision, taxes, and all yearly-rocurring dis- 
bursements on r compartments. The nett rental JS, 
therefore, of the estate, after deducting all disburse- 
ments during the year, will be expressed by the 
equation 

and the average rent from one compartment will be 

r 

or 
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. Example, — A model forest stocked wiUi groups from 1 to 40 years 
old has the returns and expenditure per acre given in the table at 
page 6. Find its average nett yield per acre. 

The receipts for principal cutting in the 40th year are 324*8 

Do. for thinnings in 30th year ... 13*5 

Do. Do.. 40th year 281 

(This item here forms part of the proceeds of principal cutting.) 

The expenditure is : — 

Cost of cultivating one compartment 1 0*0 

Cost of supervision, taxes, &e.^ for 40 compartments .. 40 x 2 

Therefore yield per acre 

_ 324-8 + 281 + 13-5 - 10 - 40 x 2 
^ = icT 

= 6-9 

The result thus obtained does not represent the 
average yield of any compartment taken independently 
of all others. It is scarcely necessary to point out 
that it can only show the yield of each unit of area so 
long as all (r) age-classes are fully represented, each 
one occupying a unit of surface. 



10 Geometrical Progression, 

For a model forest yieldiDg per unit tbe quantities shown in the 
Table at page 6, the average jield increases steadily up to tbe 120th 
jear, beyond which the table does not go. The revolution would 
therefore have to be fixed at not less tban 120 years. 

Before proceeding to examine the financial revo- 
lution it will be advisable to note a few formulas for 
ascertaining the value of annuities, or rents, some of 
which are not always fully worked out in books on 
algebra. 

(1) Geometrical Peogkession. 

Quantities are said to be in Geometrical Progression 
when they proceed by a common factor. 

Thus ^, J, J, etc., 1, 2, 4, etc., a, a', a', etc., are in Geometrical 
Progression, the common factors being J, 2, a, respectively, and are 
found by dividiog any term by the preceding term. 

When the common factor is less than one, the series 
is descending ; when greater than one, ascending. A 
series is either fi7iite or infinite. 

L Summation of Finite Ascending Series. 

If a is the first term, r the common factor, n the 
number of terms, and S their sum, then 

aS'sc a 4- ar -f ar* + + ar**-i ... (1) 

by multiplying both sides of this equation by r it 
becomes 

t-aS^ = etr + or* + -i- at"" . . . . (2) 

deducting (1) from (2) we get 

Therefore S= ^- =«- — ^^ . . . • • (A) 

r — 1 r — 1 
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//. Smmnation of Descenduig Finite Series. 

If r be less than 1, its powers r^ i^, etc., >•" will also 
be less than 1 ; therefore, for a descending series, in 
which both numerator and denominator of the fraction 

f^i are negative, we may change the signs, and write, 
instead of S=^d 



rn- 1 



1 — r" 



III. Swmmation of Injiiilte Series. 

Here ?i :s oo 
and by substituting this value in formula {B) we get 



1 ^t 

but r is here a proper fraction, and r* may, therefore, 
be put equal to 0, when the equation becomes 






(2) Rent FoEMULiE. 
I. Terminable Itents. 



The amquntj M, of a sitm^xn, at compound interest at 
p per cent per* anniim^ for n years is found by the 

formula 

M=:m X 1-0;?" (1) 

as has been already shown at page 3. 

The present value, m, of a sum, M, to be received n 
years hence is found by the formula 

M 
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12 Rent Fonniitce. 

This formula is deducible from the preceding one. 

Example. — A plantation now three years old has no immediate 
value in the market^ but if cut and sold ten years hence will, it is 
estimated, be worth 50 shillings nett. What is its present value at 
3 per cent discount ? 

Here . if= 50, w = 10, /? = 3 

50 

J 03^^ 
= 37-2*. 

If a given rent^ R^ falls due every year for n years^ 
the sttm^ S, of all these yearly rents tvill amoimt in the 
n*^ year at compound interest to 

O^Op ^^^ 

For SsiEj^ i?l'Ojo + ElOfj^+ + i? l-0j[?'*-i 

which is an ascending geometrical series, and may be 
summed by formula A^ or 

r**— 1 

• S=a^ ^ 

r — 1 

Here a z= JR^r =z I'Op^ and n = 7i 

^-^I'Op -1 
_ (l'Oy--l ) 
" ^ 00;? 

Example^ — The 3 early receipts on account of the sale of grass in a 
forest amount to 2^. What sum do these rents amount to at tbe 
end of fifty years, interest being calculated at 3 per cent* 1 

Here ' i? = 2, p = 3, and w = 50 

2(1-03^-1) 

= 225-6«. 

7/i Perpetual Uents^ 

The present valuer V, of a rent, R, due in twelve 
months, and after that every year is 
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OOTp ^^) 

which is a descending geometrical series, whose sum 
will be found by the formula (G) for finding the sum 
of an infinite progression, 8 = j-^- 

Here a=-|-.r=_J_ 

Example.^'A. forest yields a nett yearly income of 500 BhtiliogA. 
What capital does this income represent at 3 per cent, interest ? 

Here It = 500, p = 3. 

Tr 500 ,,,,, ^ 
r=Q:g3= 16666-7*. 

TAe present value, Y, of a rent^ R, xoMch falls due 
every n years from the present time is 

R 

i'Op^--i ^^^ 

R R 

and is discounted in the same way as that employed 
in the preceding case by the formula 

6'= ^ 



Here r = 



1 -r 
1 



And V = 



l-O/)- 
R_ 
T_ Oja" R 
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14 Bent Formtdce. 

Example. — A compartment yields every fifty years 580 cubic feet 
of wood, worth 325 shillings nett. What is the value at the beginning 
of the revolution of this periodical income at 3 per cent discount ? 

Here R = 325,;? = 3, w = 50. 

325 

V = rs = 96. 

1 -03^ - 1 

The i-^resent vahie^ Y^ of a renfy B, which falls due 
for the first time m years hence^ but after that every n 
years is 



mop 



n — m 



(6) 



l-0;?«— 1 

^ B_ R R 

Here T — j.q^,„ + ^.Q^m+n + i0/>'»+2«+ ^'^• 

which may be suinmed by the formula ^zTr 

R 

l_ ^ "" 10y>" - i 
lOjo" 

Example. — What is the present value of a thinning worth 10 
pounds nett, which first falls due 10 years hence, but after that every 
fifty years ? Interest and discount 3 per cent. 

Here .B = 10, n = 50, m = 10 

10 X 103 *<^-^^ 



F = 



l-03«>--l 
= 9-6. 



The present value, V, of a suw>, E, which first falls 
due noiVf and afterwards every n years, is 



lOp^-l 



(7) 



For V = Ri-JL.^_JL 4- 



• • • • 



which may be summed by the formula ^ 
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TLercfore V = -£— = J^lOfl 

Example. — ^The cost of caltivatiDg an acre of land with trees sub- 
ject to a revolution of 50 years is 20 shillings. What is the capital 
necessary to cover this charge permanently ? Interest 3 per cent. 

Here E = 20, n = 50, p = 3. 

^_ 20 X 1-03^ 

l-03*«-«l 
= 26. 



III. Conversion of Periodical Rents into Yearly Bents. 

The yearly rent, r, corresponding to a periodical 
'rent, R, which falls due every n years, is found hy the 
formula 

r = - — 0-0 » (8) 

Find, by formula (5), the present value of all the 
rents, and then convert the amount so found into a 

« 

yearly rent by formula (4), thus : — 

Present vabe, = ^.Q^n'_^ 

Present value converted into a perpetual rent 

l-Op"" - 1 ^ 

Exemiple.' — A forest will yield 50 years hence, and after that 
every 50 years, a nett income of 350«. What yearly income does 
this periodical rent represent ? Interest 3 per cent. 

Here E = 350. n = 50, jo = 3 

350 



r = 



l-OS*^ - 1 
= 31 



03 



//, in the above case, the rent, R, were to fall due for 



16 lient Foi'miilce. 

the first time in m yearSy but after that every n years^ 
then, 

^^^l-Oy--» .... (9) 

Here we find the present value of B by means of 
formula (6), and convert the sum so found into a 
yearly rent by formula (4) . 

Example, — Find the yearly income derivable from a thinning 
worth 100«. nett, which falls due 10 years hence, but after that 
every 60 years. Interest 3 per cent. 

Here i? = 50, « = 60, w = 10 

100 X l-03~-i° 






103«»- 1 
= 2-9 



X 003 



If in case (7) the rent^ B, were first to fall due now^ 
hut after that every n years^ ive should have 



= _|llr_00;. (10) 



•Ojo 

Here we first find the present value of B by formula 
(7), and convert the result into a yearly rent by 
formula (4). 

Example, — The cost of planting an acre of land with trees subject 
to a revolution of 60 years is 20«. What yearly payment at 3 per 
cent, interest does this periodical charge represent 1 

Here, * 2? = 20, w = 60, ;? = 3 

20 X l-03~ ^^o 
r = X 0*03 

1-03" - 1 
= -6. 

The above ten formula3 will be found sufficient to 
solve all important problems of organisation, and 
we may now continue our examination of the revo- 
lution. 



17 



The Financial Revolution. 

In this case we have to find the revolution affording 
the highest return on the capital- outlay. 

The most favourable revolution from a mercantile 
point of view will be that which affords the largest 
return after deducting from the present value of the 
receipts the present value of all expenditure. 

A. — The Outlay. 

The outlay on a group from the time of its founda- 
tion to the time of its being cut, consists in : — 

(1). A sum of money (B) representing the value of 
the land. 

(2). A sum of money (c) spent in cultivating the 
land. 

(3). A sum of money (F) necessary to defray an- 
nually-recurring charges (such as those of taxes and 
supervision) during the revolution. 

(1). The Value of the Land. 

To determine this, we may take its 

(a). Market-value. 

(6). Cost- value (cost-price). 

(c). Prospective- value. 

(a). The marhet-value may be ascertained from 
records of recent auction-sales of land, similar as 
regards situation and quality. 

(6). The cost-value is the amount actually paid for 
the bare land. 

(c). The prospective-value is equal to the present 
value of all sums receivable during the revolution, 
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minus tlie value at the same time of all sums expended 
during the revolution. 

The receipts and expenditure do not all fall due at 
one and the same time; to balance the accounts, 
therefore, it is necessary to reduce all values to one 
date. This may be done as follows : — 

Let Hr represent the nett value* of the main-cutting 
of a compartment : r the revolution : D^, D^, . . D,, the 
nett values of all minor receipts in the years a, 6, 
• ... 71. At the end of the revolution, that is, in the 
year r, the receipts wiU amount to 



^r^n 



The cost of cultivation (c) wiU have mounted up to 
c I'O p"" in the r-th year, and must be deducted from 
the above expression. We shall then have the value 
of the receipts in the year r reduced to 

By dividing this expression by I'O j?*"— 1 (see formula 
5) we get its value at the beginning of the revolution, 
namely. 

There remains to be deducted the yearly-recurring 
expenditure, v, on account of supervision, taxes, &c., 
which is represented at the beginning of the revolu- 
tion by a capital equal to v X O'O^ (see formula 4). 

The nett prospective-value of the land, J9p, is, 
therefore, 

* Nett value here means after deductbg cost of harvestiDg. 
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^'~ VOp'-l '^O'Op 

Or if — V 

00 p - ^' 

ff,^I>al'Op'^-^+D^l'Opr-*+..+D^VOpr-*-^ol'Opr y 

(2). The Cost of Cultivation. 

This is found in the same way as that employed in 
the last paragraph. It is represented by a capital 
equal to 

l-Op"" - 1 

when c is the charge at the beginning of each 
revolution. 

(3). Yearly Expenditure. 

As shown above, this is represented by a capital, F, 
which is the capitalized value of the yearly expenditure, 

B. — The Eecbipts. 

These consist in the main-cutting, S^i at the end of 
the revolution, r, and all intermediate cuttings, D^, Dj, 
&c., in the years a, &, &c., they are calculated in the 
same way as that which was employed in finding the 
prospective land- value. 

The financial revolution will, therefore, be that 
which gives to the formula 

Er+DalOp'"-''+D^l'0p''-^+..+Dn^'0p'"'^ / cVOp^ \ 

the highest value. 

c 2 



or 
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, The financial revolution corresponds to the revolu- 
tion of the highest prospective- value of the land. For, 
the above expression may be transformed into 

in which the first two terms constitute the formula for 
the prospective land- value, B, ; substituting this value 
in the above expression, it becomes 

That is to say, the highest return is obtained by 
adopting the revolution giving the highest pros- 
pective land- value. The most advantageous revolution 
may, therefore, be found by the formula 

And, as Fis a constant quantity for all values of r, 
it may be omitted without in any way affecting the 
term of the revolution. 

For an acre of land yielding the returns shown in the table at p. 6, 
the prospective value of the land rises steadily for increased re- 
volutions up to ninety years ; for revolutions beyond that it sinks 
steadily from the ninetieth to the one hundred and twentieth year. 
The financial revolution would, therefore, be ninety years for a 
compartment having the receipts and expenditure shown in the table. 

The Physical Revolution. 

' This has been already defined as that best suited to 
natural regeneration. General and special rules for 
its determination are laid down in books on sylvi- 
culture. It may vary considerably for the same species 
of tree, and depends mainly on the kind of tree. 
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station, and regime (whether coppice or seedhng- 
forest). 

The Technical Bevolution. 

This has been already defined as the revolution best 
adapted to yield wood suitable for certain technical 
purposes, such as timber for ship-building, props for 
mining, etc., and cannot, of course, be determined in a 
general way. 

Choice of a Bevolution. 

With the exception of comparatively small portions 
kept for pleasure or ornament, private owners will 
generally wish to get as large a permanent revenue 
from their estates as possible, and for this purpose 
there can be no doubt as to the most favourable 
revolution — the financial. But when it is a question 
of forests belonging to the State, it is frequently 
urged that, cost what it may, it is the duty of a 
Government to provide for all possible requirements 
of the community, and to prevent a diminution of the 
present supply of any kind of material. No doubt a 
good deal may be said in favour of this view. In the 
first place, it is undeniable that forests which can be 
cut down in a day may take years, or even centuries, 
to replace, and that it would never do to rely on 
private enterprise for the supply of the largest timber, 
more particularly as it seldom pays to grow it. Again, 
experience teaches that private individuals cannot be 
relied upon to provide even small timber, or firewood, 
which does pay; the temptation to exceed the cap- 
ability of the forest, or to convert all the standing 
stock into gold, whenever money is required by the 
proprietor, is irresistible, and not to be restrained by 
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other people's ideas of moral obligations to them- 
selves and posterity. Now, without denying that 
circumstances (as in the case of protective forests) are 
conceivable which would render it advisable for a 
State to keep a forest standing after it had reached 
financial maturity, advocates of the financial revo- 
lution may reply somewhat as follows : — ^As a general 
rule, it is the business of a Government to make the 
most of the property entrusted to its charge, rather 
than to anticipate and provide for highly-improbable 
contingencies which, if they ever did threaten to arise, 
would certainly not in these days take everybody so 
entirely by surprise as some people would have us 
believe. The Government timber-forests of all civi- 
lized countries are of vast extent* : they are all 
systematically managed, or in a fair way to be so,t 
and could not therefore be swept away as if by magic, 
nor the standing-stock suddenly reduced to a great 
extent, because that would involve the sale of largely 
increased quantities of wood, which could not be 
quickly disposed of without greatly depreciating its 
value. The stock could, therefore, only be gradually 
reduced, and scarcity of any particular description of 
wood would be felt long before the stock of it was 
exhausted. But growing scarcity of any particular 
commodity would be accompanied by increasing de- 
mand, and cause a corresponding rise of price until 
the demand was satisfied, whilst a steady and lasting 



* Those of Spain, perhaps, alone excepted. Of course, in the case 
of England, her foreign possessions are here chieflj considered. 

t Those of the Continent of America, perhaps, alone excepted. In 
Caoada, at all events, no real attempt seems to have been made 
in this direction. 
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rise in the price of any description of produce would 
cause an increase in its production under a rational 
system of management such as is to be had by 
adopting the financial revolution. In a well-regulated 
forest^ therefore, this system would, it is maintained, 
act as a self-adjusting measure of the requirements 
of the people, and as a reg^ator of the supply in 
sympathy with their most pressing wauts. 

The revolution has long been a favourite topic with 
economists and other writers on State forestry, and it 
must certainly be admitted that up to a comparatively 
recent date the financial system has found but little 
favour in their eyes. Few indeed of the older writers 
were able to approach the subject without bias, and so 
it happened that the theory had been established long 
before it came to be practically apphed. And foresters 
themselves were first and foremost to oppose it. 
Their feelings were shocked at the bare idea of forests 
of stately oak being converted into comparatively 
insignificant seedling-forests, or, perhaps, even worse 
than that, into coppice ; so, turning their backs on the 
system, the majority never even seriously examining 
it, they threatened people with wood-famines and 
national ruin if the old system was interfered with.* 

* This is a very old expedient for lengthening the revolution. 
Alarms of wood-famine commenced at an early period, and continued 
at intervals down to the present time. Every forester knows 
Colbert's "celebrated" mot — celebrated, I suppose, because spoken by 
Colbert — " France will parish for want of wood," which Frenchmen 
seem never to tire of repeating. In England there was an alarm in 
the reign of Henry YIIL, and again in that of Elizabeth, resulting 
in the abolition of taxes on all wood except underwood. No doubt 
these scares were useful in arresting or preventing the devastation of 
forests and In attracting attention to their importance, before the 
general adoption of regular systems. of management. Now-a-day 
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But the question at issue cannot be decided by senti- 
ment, nor vague fears which do not appear to have 
any real foundation in the case of forests worked on a 
regular plan. The principle to be decided is, whether 
the revenues of a public property should be applied in 
the interests of the whole or merely a section of the 
community. Let us take, by way of illustration, the 
case of an oak forest regulated with a view to the 
greatest mean yearly yield. It would yield chiefly 
timber of the largest kind, such as is required for the 
largest structures, and might benefit a few shipowners 
and builders, but would scarcely be likely to benefit 
anybody else in a country where all public forests 
were regulated with a view to producing large timber. 
The public would consequently have to sufier in order 
that one or two individuals might have cheap ships 
or buildings. The general interests would evidently 
be better served by shortening the revolution of the 
forest, and growing a kind of material for which there 
was a greater demand, that is to say, a more useful 
material, and which did not necessitate so large an 
outlay. This is a fair enough illustration of what the 
old system of the greatest possible return in money or 
material may be expected to lead to. Because it takes 
no heed of the relation of supply to demand, nor of the 
capital locked up in the forest, the result of adopting 
it must always be over-production of certain de- 
scriptions of wood and a most unnecessary loss of 
revenue. The financial revolution, on the other hand, 
sets out from a rational basis, is not opposed to the 

they may perhaps be thouglit a little out of date in Earope, although 
urgently needed in one or two other parts of the globe, notably 
America. 
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teachings of sound economy, and, as the unprejudiced 
observer will readily admit, is more hkely to give 
satisfactory results than systems founded on abstract 
theories which ignore altogether the tangible elements 
of the problem, and which, as is universally admitted, 
lead in the majority of cases to excessively low rents. 
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CHAPTER IV. 

THE FINANCIAL REVOLUTION {continued). 
ClECUMSTANCBS ATFECTING ITS LENGTH. 

The Rate per Cent. 

In the Table of Yields, at page 6, 3 per cent, is the 
rate employed in calculating interest on capital, 
because it is about the rate obtainable in England 
for money lent on first-class security, such as land. 
It is also about the interest a proprietor expects to 
get for money invested in land in this country, a point 
which may be of some importance in fixing the rate, 
because, as will be seen further on, the rate per cent, 
on outlay is, under certain circumstances, equal to 
that employed in calculating interest on receipts and 
expenditure during the revolution.* 

The effect of a high rate of interest is to shorten 
the revolution. Thus for a compartment showing the 
returns given in the Table, page 6, the prospective 
land- value culminates in the 70th year if interest is 
calculated at four per cent. 

* See page 53. If the highest prospective value of the land is 
entered in the calcnlatioD, the average return per cent, on the capital- 
outlay is, for the revolution corresponding to the highest prospective 
land-value, the same as that employed in calculating interest on 
receipts and expenditure during the revolution. Of course, a rate of 
interest higher than the for«st is capable of returning must not be 
taken, or the result will be negative. 
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Yearly Charges. 

As was pointed out at page 20, this item cannot 
aflTect the length of the revolution, although its 
amount greatly aflTects the value of the rental. 

Cost of Cultivation. 

This charge affects the length only in an inap- 
preciable degree. Increased charges tend, if any- 
thing, to lengthen the revolution ; but for all practical 
purposes they might be entirely omitted in the cal- 
culation. If, in the Table of Yields, c is put = 0, or 
100, the financial revolution is 90 years. 

Minor Cuttings. 

The value of these does not greatly affect the length 
of the revolution. If for the Table of Yields we 
assume that there were no minor cuttings at all, the 
revolution would be 80 years. If, on the other hand, 
we add to the minor cuttings in the Table one of 
1,000s. in the 40th year, the result is still a 
financial revolution of 80 years. It may therefore 
safely be assumed that the receipts fi'om minor cut- 
tings do not affect its length in an important degree. 

Alterations in the Money-value of Produce. 

Changes in price due to variations in the value of 
money would affect all descriptions of wood alike, and 
not cause changes of revolution. 

If, for example, in the Table of Yields the value of each description 
of wood is raised to m times its present value, the prospective value 
of the land for any given revolution would be m . B^y and affect all 
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revolutions equally. If the value of the receipts in our Table rose 
50 per ctnt, the pro8|)ective nett rentals of the land would be 

For a revolution of 80 years 1*5 x 4 9= 7*35*. 
Da 90 do. 1-5 x 6-0= 750*. 

Do. 100 do, 1-5 X 4-9= 7-35«. 

And so OD, the most favourable revOiUtion remaining the same. 

Changes, on the other hand^ affecting certain 
descriptions of wood only, may greatly alter the 
revolution. 

If, for instance, the quality of the wood of a group 120 years old 
was sufficiently superior to that of the group 110 years old to com- 
mand an average price per cubic foot of 4«. instead of 3*2*., 
that would suffice to raise the financial revolution for the Table of 
Yields at page 6 to 120 years. 

The Main Cutting. 

It is, therefore, the increase of quantity and quality 
in the main-cutting and the rate per cent, which 
chiefly affect the length of the revolution. 
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CHAPTER V. 

AREA. OF ANNUAL COUPES, SERIES, AND AGE- 
CLA.SSES IN A MODEL FOREST. 

Coupes.* 

If a represents the area of a model-forest, such as 
the one considered in the opening chapter, c that of 
the yearly coupe, r the revolution, then c = ^, when 

each coupe is re-stocked immediately after being 
cleared. Frequently, however, the land is allowed to 
lie fallow for one or more years, in which case c = ;r^, 
when n represents the number of years of fallow. 

In forests naturally regenerated by seed, the mother- 
trees are only gradually removed, and several cuttings 
go on at once. If m is the number of years which 
elapses from the time of the preparatory cutting to the 
time of the final cutting, then c = | X w. 

For forests in which trees are selected for cutting 
here and there from a large area by the selection 
method, as also in the case of the overwood in com- 
posite forest, the area of the annual coupe is 
(theoretically) the same as for ordinary seedling forest ; 
but this fact has, of course, no immediate practical 
value, as the area of coupes in such forest cannot be 
determined on account of the irregularity of the crop. 

Series. 
When a number of groups are worked in connection 

* The area on which a catting is carried out is called a *' coupe." 
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with each other, as in the model-forest, so as to make 
up the sustained yield, they are said to form a series. 
It is not necessary for this that there should be just 
one cuttmg yearly, nor that the cuttings should follow 
regularly one behind the other ; there may be any 
number of cuttings in diflTerent parts of the forest, 
provided that they make up the sustained yield of the 
series. Difference of station, species, revolution, and 
system of regeneration, may necessitate the formation 
of several complete series in a forest which might 
otherwise be treated as one series. 

For instance, firewood coppice with revolutions of only a few years 
could not be incladed in the same series as timber forest, nor land 
producing only scrub in a series with richer land capable of bearing 
timber. 

Age-Classes. 

It is impossible in forests of any extent to classify 
separately trees differing in age by only a few years, 
and it is, therefore, usual to group together within 
certain fixed Umits trees of about the same age, and 
to call the class thus formed an age-class. 

Thus, trees of ages from 1-20, 21-40, 41-60 may be formed into 
separate classes, and considered as belonging to the Ist, 2nd, and 3rd 
classes, respectively. 

The area occupied by each age-class depends on the 
system of regeneration to be followed. For 

(1). Clean Cuttings. 

The size depends on whether the land is re-stocked 
immediately or after an interval. In the former case, 
for the model-forest with its complete set of age- 
classes« the area of one is nc, where n is the range of 
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age of the trees in any one class and c the area of the 
cuttings for the annual yield ; or ^ X n, since j is the 

size of the annual cutting. But if there is m years of 
fallow, the area of a class is ^^ x n. 

The number of years constituting an age-class 
varies from 5-30. 10-20 years may be taken as the 
average for seedling forests and 5 to 10 for coppice. 
Whatever term is fixed, it is important to have it the 
same for aU series in a forest, and so to avoid the 
confusion attending separate classes for diflTerent re- 
volutions. For the same reason, Class I. should 
always belong to the youngest groups. It is generally 
said that the oldest trees should belong to the first 
class, but that causes the ages of first-class trees to be 
different for different revolutions ; by beginning at the 
bottom the age-classes remain the same throughout a 
forest, and are independent of the revolution. 

Example. — The area of a model-forest of uniform prodaotiyeness is 
936 acres. The age classes range from 1-20, 21-40 years, and so on. 
There is a two years* fallow. What is the size of the yearly coupe 
and of the area occupied by each class for a revolution of fifly years f 

936 ,Q 

c = -— = 18 acres. 

50 + 2 

936 
Area of an age-class= 20 x = 360 acres. 

^ 50 + 2 

The number of age-classes is — =: 2^, the last age-class being only 

half represented. The acreage is divided into 

I. Class of 360 acres. 
II. „ 360 „ 

III. „ 180 „ 

Fallow 36 „ 

Total 936 
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(2). Natural Reoenebation Coupes. 

Here old and young growth are mixed up on the 
coupes, and it is necessary to separate the portion in 
process of regeneration from the other classes. Let c 
represent the portion undergoing reproduction, and m 
the period required for its completion. The ordinary 
classes, c, c, will be each n ^ acres, as before ; c will 

have an area ^-^, and in reality belong partly to the 

youngest and partly to the oldest ordinary classes. 

If m is less than n, the area occupied by Class I. 
will be ^^^^^\ 

r 

If m is equal to, or greater than, ri, there will be no 
first class, and at the end of the term required for 
regeneration c will jump at once into a higher class. 

Example, — A forest, subject to natural regeneration, has an area of 
800 acres and a revolution of (igbty years. What is the size of its 
age-classes when n =: 20, and groups take (1) eigbf, (2) twenty, or (3) 
twentj-five years to regenerate ? 

(1) i = 800_ „. 



(2) 



80 ^ 


^/ 


^— XM\J 


II = 10 X 20 




= 200 


III = 10 X 20 




= 200 


IV = 10 X 20 




= 200 


</ = 10 X 8 




= 80 


Total 




800 acres. 


I - «^^ (20 - 
80 ^ 


20) 


= 



II = 10 X 20 = 200 

III and IV, 200 each = 400 

</ = 10 X 20 = 200 

Total 800 
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(3) 1= = 

II = 10 X (2 X 20 - 25) = 160 

III and lY each 200 = 400 

</ = 10 X 25 = 250 

Total 800 



(3). COPPIOB. 

For coppice, the range of age in a class is generally 
much smaller than for seedling-forest, the revolution 
seldom exceeding thirty years. The gradations may 
therefore be taken for periods of five or ten years. 
The size of the age-class is found in the same manner 
as for seedling-forest with clean cuttings and im- 
mediate regeneration, namely, by the formula n ^. 

(4). Undeewood with Ovbrwood. 

For coppice with standards, it is usual to choose 
the revolution of the overwood so that it shall be a 
multiple of that of the underwood. For the under- 
wood, the area of an age-class is, ?i ^, the same as for 

coppice pure and simple; but the area occupied by 
classes of overwood cannot be determined in a practical 
way, because the classes are mixed up — a confused 
mass of trees of all ages occurring on the same coupe. 

The area which should be occupied by each age- 
class in the model-forest may, however, be shown in 
the following manner. 

The oldest coupe of the underwood of a model- 
forest, will contain standards of the following 
ages : 



r, 


2r, 


uTf • • • • 


mr 


The next in age of r— 1, 


2r-.l, 


3r— 1, . . . 


mr— 1 
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I. Clas$. 

Underwood — 50 aoreB with trees 1-6 yews old. 
Overwood — „ „ 1-20 jeers old. 

Underwood — 60 acres with trees 6-10 yean old. 
Overwood — ,, ,, 1^1-40 jean old. 

On oTeiy coupe of the nnderwood, all classes of the overwood 
are represented in equal proportions. 

The number of gradations of age in the overwood 
is generally taken as -^ — 1, when m/r is the revolu- 
tion of the standards, r that of the coppice. The first 
class is then supposed to belong to the coppice, being 
of the same age as, and undistinguishable from, it. 
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CHAPTER VL 

QUANTITY OF STANDING STOCK IN A MODEL- 
FOREST. 

A,-^Olban Cuttings. 

The quantity of standing stock in a model-forest, may- 
be determined, (1) by means of tables showing the 
quantity of produce on a unit of surface for all ages of 
the trees, and by (2) the method known as the method 
of mean yearly growth. 

(1). By EXPBBIBNTIAL TaBLBS. 

In practice it would involve too much labour to 
determine by direct experiment the contents of groups 
of all ages, even if such a thing were possible ; it is 
necessary, therefore, when preparing tables, to be 
content with a determination of the contents of 
groups of different ages, at regular intervals, neglect- 
ing, for the moment, intervening groups whose con- 
tents are afterwards approximately ascertained by 
interpolation. 

In the Table of Yields, at page 6, the contents of 
groups at intervals of ten years in age are shown. 
To find the contents of the intermediate groups in the 
series, we may proceed as follows : — Let a represent 
the quantity of material on a unit of surface for a 
group n years old, b the same for a group 2n years 
old, c that of a group dn years old, d that of a group 
4n years old. We shall then have for a model-forest, 
with a revolution of 4 X n years, and immediately 
before a cutting :-* 
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Example, — Immediatelj after a catting, a xnodel-forefit, with a 
revolution of ninety years, and yielding the retoms shown in the 
table at page 6, would have a supply of material of — 

10 Uo+ 87+232 +406 + 580 + 783 + 957 + 1102 + ^^^ - ^ 

= 4t7,4tSl^ cubic feet 

« 

(2). By the Method of Mean Gbowth. 

In this case, it is assumed that the yearly growth of 
the whole forest is equal to the yearly cutting, as, in 
fact, it would be in a model-forest; and that the 
average increment of the oldest group is equal to 
the yearly increment of every other group of the 
series. 

Let a represent the yearly growth on a unit of 
surface calculated in this way; then, immediately 
before a cutting. 

Material of youngest group (one year old) will be a 

Do. two years old • 2a 

Do. three years old 3a 

and so on, to the last group r years old, with material 
ra. 

The sum of this arithmetical series is equal to half 
the number of terms multiplied by the sum of the first 
and last terms, therefore, 

when I = last term. 

Immediately after a cutting, the first term is 0, and 
the last I — a and, therefore, 

. = [0 + (^-a)]| 

rl -—ra 

2 

£xample.-^l!hQ supply of a model forest, with growth as shown 
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in the table at page 6, and aabjeot to a revolation of ninety yean, 
is tmmediatelj after a catting^ as f oUows : — 

I=1247cabiofeet. 
r= 90 „ „ 

Ayerage grewth = 1|1I = 13-856 

Therefore, supply = ^^ ^ ^^^^ "^^^ ^ ^^'^^ 

= 55,492 cabic feet 

This method starts from the radically wrong assump- 
tion, that the yearly growth of groups of all ages 
is the same. The consequence is that the results 
obtained are too great, the average growth of the oldest 
group being, except for very long revolutions, superior 
to that of any younger group. Sometimes the formula 
*45 X rl is used, and it is found to give better 
results. For the above example, this would give 
'45 X 90 X 1247 = 50,504 c.f., which is much nearer 
the truth, but still some r3,000 cubic feet in excess of 
the quantity obtained by employing the more accurate 
method first described. This comparison shows how 
inaccurate the method is ; its merits are cheapness 
and simplicity. Until lately, it was employed through- 
out Austria and in some of the minor German States. 

B. — Natueal Regeneeation. 

I. By Seed. 

In forests naturally regenerated by seed the cuttings 
on a unit of area extend over more than one year. If 
m represents the number of years required, the cuttings 
may be commenced ~ years before the end of the re- 
volution. The average age at which the wood is 
removed may then be taken as equal to the length of 
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the revolution ; the cutting commencing y years before 
and ending | years after the term fixed. The supply 
may then be estimated in the same way as for clean 
cuttings. Otherwise, the quantity of material in the 
series 1 to r (or to r — 1) years old is taken, and 
added to the surplus of the regeneration-class (see also 
p. 32). Let a be the quantity of material of a group, 
r years old on a unit of surface, b that of a group 
T + m years old, and m the period required for 
regeneration. The. material constituting a series of 
groups of ages r to r + m would be 7 (a +b). This 
would be the formula for finding the contents of m 
completely stocked groups in an arithmetical series. 
But — as we may assume that the same quantity is, 
on an average, removed every year from the regenera- 
tion-class — the quantity of standing stock, in the 
present case, will be only half this amount, or 

^ (« + ^) 

2 T ^^ + ^)- 

Example, — For a revolution of ninety years when m = 10, and 
the returns are those shown in the table, p. 6. 

Here a = 1247. h = 1363. The surplus of the regeneration- 
class is, therefore, -— (1247 + 1363) = 6525 cubic feet. 

Hence, the supply in the normal* forest would be 

/ >• . 1247\ 

10 (40 + 87 + 232 + 406 + 580 + 783 + 957 + 1102 + "g^j 

- l^ + 6525 = 54006i cubic feet. 
2 

II. Coppice. 

This is estimated in the same way as seedling forest 
with clean cuttings. 

* The term normal is used in the ^ame sense as ideal. 
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III. Overwood. 



Overwood may, as we have seen in the chapter on 
age-classes, be regarded in the light of open seedling- 
forest occupying the whole area without reference to 
the underwood. 

The size of a coupe of standards in the model- 
forest is theoretically ~, when the revolution of the 
overwood is mr, and, if each age-class is considered 
as occupying a piece of land by itself, there will 
be mr groups in a regular series from 1 to mr 
years old, each occupying a space ^. If, now, we 
know the degree of density of a forest, we may easily 
determine the quantity of standing stock ; for, if the 
fully-stocked forest is taken as the unit of comparison 
and the density of the overwood as a constant fraction 
of it, all that has to be done is to multiply the supply 
of the fully-stocked forest by such fraction. 

A knowledge of the quantity of standing stock of 
overwood required for a model forest will not, however, 
be of any use in organising a forest unless it leads to 
a determination of the number of trees of every age 
which should go to make up the sum total, because 
trees of all ages are found on the same coupe in a 
confused mass, and the area they occupy cannot be 
measured for each single tree. For practical purposes, 
what has to be decided is the number of trees of each 
age-class of a series to be permanently maintained. 
This cannot be ascertained accurately, but it is possible 
to obtain a more or less correct estimate, which may 
serve as a guide. The first thing to do is to determine 
the area of the annual cutting. This, as we have seen, 
is -;. The degree of density has then to be decided 
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on sylyicultural principles, with reference to the 
species concerned, station, and so forth, and may 
be given in decimals, full density being equal to 1. 
Next to be determined is the cover of each tree 
of a class, i.e., the area occupied by it. This may be 
found by measuring the area occupied by a number of 
tr^ of the ^ 4e r.'f^ J^g - -erage. 
The area occupied by a tree is found by measuring the 
area enclosed by (imaginary) perpendicular lines dropped 
from the tips of the outermost branches. If «i, 5^, Ss, 
etc., represent the surfaces taken up by sample trees of 
the 1st, 2nd, and 3rd classes respectively, {jr the degree of 
density of the overwood, and n~ the area of an age-class, 

the nimiber of trees in each class will evidently be : — 

AAA 

n n — n 

Olassl. ■— — xc./ ClaBB n. — — X a; daas III. -—xq 

and so on. 

Supposing we have a model forest of oyerwood, 120 acres iu 
extent, with a revolution of sixty years : q = *25 : age-classes pro- 
ceeding by differences of ten years : and that the following average 
values have been obtained of s^, 8^ kc, : — 

8i = 3 square yards ; «, = 6 square yards ; «3 = 10 square yards. 
«4 = 16 square yards; 8^ = 25 square yards ; «« = 36 square yards. 

120 
The yearly cutting will be = acres = 9,680 square yards. 

60 

Each class will occupy 20 acres. The number of trees in each class 

will be as follows : — 

9680 
ClassL (1 to lOyearsold) = 10 x -3- X -25 = 8067 . 

ClassIL (11 to 20 years) = 10 x ?^ x -25 = 4034 

Class in. (21 to30 years) = 10 x ^ x -25 =r 2420 

9680 
Class IV. (31 to 40 years) = 10 x -^ x -25 = 1613 
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Claaa V. (41 to60 years) = 10 x ?§? x -25 = 968 

Glass YI. (61 to 60 yean) = 10 x — X 25 = 672. 

36 

This represents the quantity of standing stock 
immediately before cutting. On each coupe of the 
underwood there will be trees representing each age- 
class of the overwood, each class occupying an equal 
area. If, in the above example, the revolution of the 
underwood were ten years, its annual coupe would be 
^^ = 12 acres, and on the oldest, just before a cutting, 
there would be overwood 60, 50, 40, 30, 20, 10 years 
old, each class occupying two acres of land. The next 
in order would have overwood 59, 49, 39, 29, 19, 9 years 
old, and so on in regular succession down to the 
youngest with overwood 50, 40, 30, 20, 10, 1 years 
old. Each underwood-coupe would have 807 first- 
class standards, 403 of the second, 242 of the thirds 
151 of the fourth, 97 of the fifth, and. 67 of the sixth 
class. On the oldest coupe, for example, there would 
be 807 standards ten years old, 403 twenty, 242 thirty, 
151 forty, 97 fifty, and 67 sixty years old ; the annual 
yield being 404 of the first class (virtually belonging 
to the coppice), 161 of the second, 91 of the third, 54 of 
the fourth, 30 of the fifth, and 67 of the sixth class. 

The contents of the average sample tree for each 
class being known, it is, of course, easy to estimate 
the contents of the standing stock. 

If^ for instance, the sample trees in the above example contained 
on an average 0*02 cubic feet for Class I., *2 cubic feet for Class II., 
•75 cubic feet for Class III., 17 c.f. for Class IV., 3-2 c,f. for 
Class v., and 5 c.f. for Class VL, the supply of overwood would 
amount to 

8067 X -02 + 4034 x -2 + 2420 x -75 + 1513 x 1-7 + 968 x 3-2 + 672 x 5 
= 11812-84 cubic feet. 
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CHAPTER Vn. 

VALUE OP STANDING-STOCK. 

The value of the wood in a compartment, or of a 
series, may be estimated according to its 

1. Prospective- Value. 

2. Cost- Value. 

3. Market- Value. 

In estimating the value of forests, it is necessary to 
distinguish between the model forest with its annual 
rental and the isolated group with its periodical 
rental. 

I. The Isolated Geoup. 

(1). The Prospective-Value 

Of an isolated group m years old may be calculated 
as follows. In the r**" year there will be a main- 
cutting, value jBT^; in the years a, 6, &c., there will be 
the value of the thinnings Daj A, &c. In the m*^ 
year these receipts will have a prospective gross value 
of 

E.+D^ lOpr-^+DVOpr-^ + ..+D„ VOpr-^ (seeformulie 1 &4). 

To obtain the nett value, the expenses during the 
same time, consisting in the rent of the land and the 
cost of supervision, taxes, &c., must be deducted. If 
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B represents the value of the land, and V the capi- 
talized value of all yearly-recurring disbursements, the 
interest on them at the end of the revolution would be 

which in the year m would amount to 

(^ + F)(10p*'— *-!) 

Therefore, the nett value of the group in the m^ 
year is 

jg;+Al'0;>'-^+Al'0jP*'-*4- . > ■ -h2>J'0jp'-*-(^-h F) (1-0 p*--"*-!) 

Eocample. — What is the proflpective-value of a group 70 years old, 
vith receipts and expenditure as shown in the Table at page 6, the 
value of the land being 166*6^., the yearly expenses 2^., the rate 
of interest 3 per cent., and the revolution 90 years ? 

Here, H^ = 2494 + 73-6 

= 2567-6 

003 
B = 166-6 

Hence, 

2567-6 4- 60-3 x 1'03><>-^ - (166-6 -f 66-7) (103»"^ - 1) 
•"70 — J •03^~~^ 

= 13 

At the end of the revolution the prospective-value 
= B",.. This scarcely needs to be proved, as it is self- 
evident; there being no thinnings to add, and H^ 
being equal to fl^.. 

g,-(^+F)(l-0;>----l) _ ff^^(B + r) (l-Op'^l ) 

At the beginning of the revolution the value is equal 



2>8o= 60-3 F=^=66-7 
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The receipts will consist in any thumings which 
may have been received previous to the m^ year. 
These will be worth, in the m!^ year, 

Therefore, 

ir^= {B+ F) (l-0;)*'-.l)+c 10|>~-(2). 1-0 ;>"«+. .+D,l-Oj>— ) 



Example. — ^What is the oost-prioe of a group 40 yean old, caloa* 
lating interest at the rate of 3 per cent, the ralne of the land at 
166*6^., and other items of receipts and expenditure as in the Table at 
page 6) 

2 
Here, B = 166-6 : V = ^:^ = 667 

c = 10 : 2>w = 13-5 

.-. H^ = (166-6 4- 66-7) (l-03« - 1) + 10 x 1-03^ - 13-5 x 1-03" 
= 542«. 

At the commencement of the revolution the cost- 
value is equal to the cost of cultivation. For it is, 

(J? + F) (1-0 1)« - 1) + c 1-0 1)« = c. 

At the end of the revolution, if the price of the land 
was its prospective value, the value of the group is H^. 
For, 

H^=iB^ V) (i.0;>'-l)+cl-0|>'-(2>. 1-0 ;>— + • • +2>.1-0|>'-) 

Substituting for B its prospective value, we get, 
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Whenever, therefore, the prospective value of the 
land is employed in estimating the value of a series, 
the cost- value and prospective value of the standing 
stock are identical. (See also page 50.) 

EELATION OF THE OOST-VALUU OP A GEOUP TO ITS MAEKET- 
VALXIE WHEN THE VALUE OF THE LAND IS THE MAXIMUM 
PEOSPEOTIVB VALUE. 

If the market-value and cost- value of a group were 
equal for every age, the prospective- value of the land 
would evidently be the same for all revolutions. 
Since, however, a maximum prospective-value of the 
land is obtainable for a certain revolution while the 
cost- value yields a uniform percentage on outlay equal 
to that afiforded by the group if cut at the end of the 
financial revolution (see page 68) it follows that fl, 
is greater than H^ before and after the end of the 
financial revolution. That, under these conditions, 
H^ = He at the end of the revolution, we have 
already seen (pages 50 and 54). 
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CHAPTER Vin. 

VALUE OP AN ESTATE. 

* 

The value of an estate consists in the value of the 
land, plus the value of the standing-stock.* It may 
be estimated according to its 

1. Prospective- Value, 

2. Cost- Value, 

3. Market- Value, 

and also, but only in the case of a complete series, 
according to its 

4. Rental- Value. 

(1). The Peospeotive- Value. 

For a compartment, (5), and group, (JT), this will 
amount to the prospective value of the standing stock, 
plus the value of the land, (J?) ; or, if the group is m 
years old, to 



^r—m 



— r 1 — a— -jr • ----- 

(See page 44). 


1 — n - ^ £- \— 


-r (1-0 ;)'•—- 


-+s 

-1) + B 




1-0 ^r-m 







* Not necessarily the value of a series and the land on which it 
standi. Unless there is an express statement to the contrary, what 
follows refers to single groups. 
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Example, — For a oompartment with group 40 years old, and 
receipts and expenditure as shown in the Table^ and for a revolution 
of 50 years. Interest 3 per oent., and B = 111. 

ffn = 533-6 -h 48-8 = 682-4 

2>„ = 13-5 : 2>^ = 28-l : 7 = 5^ = 66-67 

B =111. 

Yalue of Estate 

582-4+13-5 X 1-03'' -h281 x 1 03" - 66 -67 (1 -03" -1) -hi 11 

" 1-03" 

582-4+24-38+37-77-22-93+111 
" 1-344 

= 64:58. 

(2). Cost- Value. 

This wiU be for a compartment with group m years 
old:— 



{B+ V) (l-Op~- 1) +c l-0;?"»-(i>J-Op'*— + +i>J-OjE)-^) +B 

(see page 46), 
= {B+ r+c) l-Ojt>« - (i>« 1-0;)"" + +i>^ 1-0;?-"+ F). 

If in the above formula the prospective-value is 
taken as the value of the land, and substituted for B, 
and if D^ denotes the value in the year a of the sum of 
all thinnings received previous to the year m, and D^ 
the value in the year n of the sum of those received 
after the year m, the formula becomes 
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the present value of all receipts, less that of all ex- 
penditure, convert the amount into a yearly rent, and 
then the yearly rent back into the sum previously 
obtained, but this would still not be obtaining the 
value of the estate from the rent, but the converse. 

The rent- value of an estate with a complete series is 
obviously equal to the capitalized value of the receipts 
after deducting all expenditure, or 

0-Ojp. 
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CHAPTER IX. 



THE CAPABILITY. 



'This term, whicli is sysonymous with posdbility and 
sustained yields is used to denote the yearly quantity 
of wood, or its equivalent in money, which a series is 
capable of yielding for a given revolution without the 
capital-stock of the forest being trenched upon. 

(1). Yield op Material. 

In the simplest case of the model forest with clean 
cuttings, the annual yield is, as we have seen in 
Chapter I., equal to the oldest group, occupying an 
area ^ (or ^, as the case may be). 

In the case of a model forest subject to natural 
regeneration by seed, the yield is the same as for 
forests with clean cuttings, provided that cuttings 
commence ^ years before the end of the revolution 
fixed, when m is the term required for regeneration 
and the trees are removed in equal quantities at re- 
gular intervals. The average age of the trees is then 
r years, as in the case of clean cuttings. 

(2). Money Yield. 

An estate consisting of an isolated compartment 
and group can, of course, yield a rent only once during 
a revolution, and has, therefore, strictly speaking, no 
sustained yield. It is, however, sometimes desirable 
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to know the yearly rent which is equivalent to a given 
periodical rent. At page 19 we found that the pro- 
spective value of an unstocked estate, capable of 
yielding a return every r years, is 

ig;-fi^aiOjp''"'-f +i:>ni'0j?*-*'-ci'0p'' 

This sum would yield a yearly rental of 

. \ i-op'-i ^J^^P 

which may be regarded as a sustained yield, although/ 
of course, it cannot be realized regularly every year. 

The sustained yield of an estate with a complete 
series is, as was shown at page 9, 
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CHAPTER X.— BALANCING. 

THE PBODUCnVB CAPITAL, 

Ob capitaUoutlay^ is a term used to denote the 
capital employed in producing, or necessary to pro* 
duce, a given rental. 

THE OUBBBNT BETUBN FEB CENT. ON OUTLAY. 

This is the return in any given year, m. For the 
isolated compartment and group, the capital-outlay up 
to any year, m, is evidently 

(B^Y^e) 1-0 1>"'-(2>. 1-0 ;!"•-•+ .... +i>„l-0^~-") 
= [(5 4- r+c)-(2>«10;>--+ .... +i>Hl-Ojp— )]i-o^~ 

If, now, H^ is the value of the yield in the year m, 
fl^+ithat of the yield in the year m + 1, the return 
per cent., p\ will be found [since the capital-outlay is 
to (flg, + i — B'«) as 100 is toyj by the equation 

, (H^^^-'^^)\00 

By adding to the denominator 5 + F — (5 + F^ 
its value is not altered, and it becomes 

= (5 + r)(l-0;?"' - 1) + cl-0j9- - (Z). 1-0;?— + . . . . 

.... + />„ 10 p^-^) -f 5 + F 
= J7^ 4- 5 4- V when H^ = costrvalae of the standing stock m years 
old. 

Therefore ^ ^(^m-n ~ i?m)100 
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Example. — The valne of a group fifty yean old is 582*4 shiUings ; 
that of the same group when fifty-one yean old 610*9 shillingB. The 
other receipts or expenditoie incurred are the same as those shown in 
the table for a group fiHy years old. What will be the current re- 
turn on outlay if the group is cut when fifty-one yeai*s old ! 

Here 5= 111; r=-A. = 66*67; c = 10;i) = 3. 

' 0*03 

H, = (111 -h 66*67) (1*03'^ - 1) + 10 X 1*03*^ 

- (13-5 X 1*03^ + 281 X 1 03^®) 

= 601*22 + 43*84 - (24*38 + 37*77). 

= 582*9. 

Therefore ^ , (610*9-582*4)100 ^J850 

^ 582*9 -h 111 4- 66-67 760*57 
= 3*7. 

IP THE MAXIMUM PEOSPEOTIVB VALUE IS iTAKEN AS THE VALUE 
OF THE LAND, p IS GEEATER THAN p BBFOBE THE END OF 
THE FINANCIAL REVOLUTION, BUT SMALLER AFTERWARDS. 

For the year r to r + 1, 
, {Hr^i -ffr) 100 

And for the year r — 1 to r, 
, (^.-^.-QlOO 

p - [jB -f r -h c- (i>. r-o;?-« -f + i>n I'Op-*)] 1*0 J9-* 
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The Avbbagb Yearly Return on the Capital-Outlay. 

1. The Isolated Compartment. 

To find this return we must divide the average 
gross receipts per annum by the capital-outlay, and 
multiply the result by 100. The average gross 
receipts per annum will be 

\ \<^f-\ ) ^"^^ ^ P- ^^-^ 

This, it should be noted, represents the average 
gross income, not for a limited period, but for ever. 
The cost of cultivation must, therefore, be taken, not 
as a single charge, but as a capital producing every r 
years the sum required for that purpose. The capital- 
outlay will, therefore, be 



l-Ojj*-— 1 

and the return per cent, on it will be 

(H^ -f i>, I'Ojp*'-'* 4- + ^n 1-0 jp*"*) O'OjP X 100 

l-Ojp''-l 

^ clO©' 
' I'Ojo' — 1 

I H, + D, I'O f-j^,..J^ D^ l-Oy'-^ X 
_V I'Ojo*-- 1 r^ 



B+ F + 



cl'0;?V 
1-0 jo*- - 1 



Example, — For a compartment to be stocked with group subject 
to a revolution of 50 years, with receipts and expenditure as shown 

P 
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in the tabl#| the t«1ii« of the land bebg the proBpeetive-value for a 
leTolation of 50 yean. 

Heie E^ = 633*6 + 48-8 = 582-4 ; 

J)^ s 13-5 ; Z>« = 28*08 ; l> = 3; 

£ =111; r =-1. =66-67; c = 10. 

0-03 

Therefore^ the mean yearlj retrnn, 

/ 582 + 13*5 X 1-03*' -f 28-08 x l-03" \ ^ 
\ 1-03"-! ' 



7= 



J 



10 X 1-03" 

lll + 66-67+-rT-iir— r 

1-03—1 

5 82-4 + 24-38 + 37-737 \ ^ 
3-3839 / 



111 + 66-67 + 12-95 
190-5 X 3 _ 3 
190-6 "" • 

2. The Series. 



In this case, the yearly gross receipts sj^e Br + 
^a + • • • • + D^f and if the value of the standing 
stock is 8, the productive capital of the series will be 



rB + rr+S+ "" 



O'Op 

Substituting for 8 its cost value, we get 



on the OapitaUOviUa/if. 
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will be tlie same as the rate, J7, employed in calculating 
interest on receipts and expenditure. For, as shown 
above (page 65) — 






^'+'^+^ 



Op*-— 1 

Adding to the numerator ^Y^ ^\ _-4?-^, 4^ V ^ V 
We get 



P — 



_( 
( 






In tlie same way, by putting B = J5p, it may be 
shown that for a series p = p. The current return for 
a group or series at the end of the revolution is, there- 
fore, under the conditions assumed, equal to the mean 
yearly return per cent, on capital-outlay (see also 
page 63). 

AVBEAGE OUEBBNT EETUEN ON THE OOST-VALUE OP AN 
ESTATE FOE MOEE THAN ONE YEAE. 

If we wish to know the return a group will yield on 
its present cost- value a given number of years hence, 
we may proceed as foUows : — 

Let H^ be the market- value of a group m years old ; 
jB"^+ J that of the same group m + j years old ; A> the 
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value in the year d of all thinnings receivable sub- 
sequently to the year w, b being less than m + g, and 
more than m. 

The productive capital for this group m years old, 
will be (see page 62) . 

=(^-i- F)(l-0;>'»-l)+cl-pp"'-(i>J-0;?~-+. . +i)J-Op«— )+^+ r 
:=ffc+^+ ^9 ^ten ff^ = cost-value of the group. (See page 46.) 

In the year m + j, the increment on H^ will amount 
to fl«+j + A l*0_p*"*— jH„, when jff«+j represents the 
value of the main cutting in the year m + 2* 

It remains now to find what rate of interest per 
cent. p\ on flc + -5 + V9 will, in q years, amount to 
H^ + <t+D, 1-0 jp2-^ - E^. This wiU evidently be found 
by putting 

from which we get 

1 Op'-l - H^+B+r 



bence 






and 



_ ,/ E^ + D,l-Op'-* - ff„+ H.-h B+r 

Pressler calls p' the Index, because it serves, under 
certain circumstances, to indicate if a group is exploit- 
able from a financial point of view, or not. If, for 
instance, the prospective value is taken as the value of 
the land, p' is (as shown at page 63) greater than 
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the largest mean yearly return per cent, before the 
end of the financial revolution, but less afterwards. 
If, therefore, p' is found to be greater than the highest 
mean yearly return on the capital-outlay, that is, 
under the conditions assumed, thanj> (see page 68), 
the group is not ready for cutting ; but if it is equal 
to, or less than, p, it is mature or over-mature, and 
should be cut. 

It does not, however, follow that because the index 
is higher than the average return, on outlay before the 
latter culminates, it would be advisable to shorten 
the revolution. That which aflfords the highest mean 
yearly return on outlay, is obviously the most advan- 
tageous revolution in the long run. 

AVEEAGE CUKEENT RbTUBN ON THE MaBKET-VaLIJB OP AN 

* Estate foe moee than One Teas. 

If in the formula just considered, the market-value, 
ir«, of the main cutting in the m*^ year, is substituted 
for JET,, the formula becomes 

This formula, based on the market-value of an 
estate, can lead to the same results as that based on 
the cost-value, only when E„ = H^y that is to say, at 
the end of the financial revolution. It may, however, 
be employed to determine financial maturity in place 
of the true index, because it always gives a percentage 
greater than p before, but less after, the end of the 
revolution. It has the advantage of simplicity, but 
its chief recommendation is that the cost- value of the 
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group does not appear in the formula. The market- 
value is generally ascertainable, but the cost-value of 
a group can be known only in those cases in which 
receipts and expenditure have been recorded since its 
formation. 

In estimating the value of the land, the maximum 
prospective value should be taken, whenever the data 
necessary for determining it are available. To the 
proprietor who does not wish to sell his land, it is 
practically the market-value, since it represents the 
maximum amount which he could afford to give for 
the land if it were not already his. 

EocampU, — A. group is 80 years old, witli immediate aod pros- 
pective yields as shown below. The group is to pay 3 per cent, on its 
capital-outlay. May it be left standing 10 years longer 9 

Here 

H^ = 1809-3 -f 60-3 = 1869-6 ; ;? = 3 

H^ = 2494 4- 73'6 = 2567-6 ; ^ = 10 

F = -i^ = 66-67 

^ 0-08 vv wi 

D^ = 60-3; B^=z 166-67 

therefore 

, _ / y 2567-6 + 60-3 x 1-03'V 166-67 + 66-67 ..X 

p - 100 ^y^/ 1869-6 + 166-67 + 66-67 ) 

.r.^( 10/2881-98 A 
= 1^HV 2I0M4-V 

= 100 (1-032 - 1) = 3-2 

The group might therefore be left standing 10 years longer. 
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CHAPTER XI. 

THE ASSESSMENT OF FORESTS FOR PURPOSES OF 

TAXATION. 

The Rating Act of 1874 classifies forest property as 
follows : — 

1. Land used only for the growth of a plantation or 
wood. 

2. Land used for the growth of saleable under- 
wood. 

3. Land used for a plantation or wood, and also for 
the growth of saleable underwood. 

" Land used only as a plantation, or wood," appears 
to mean land used only for the growth of timber. 
Such land is, according to the Act, to be treated, for 
purposes of assessment, as if the land were let and 
occupied in its natural and unimproved state; and 
irrespectively of the value of the wood growing on it. 

If the land is used for the growth of saleable under- 
wood, its value is to be estimated as if the land were 
let for that purpose, which virtually amounts to saying 
that it is to be valued according to the value of 
the underwood which it produces, or is capable of 
producing. 

In the third case, either it is to be valued according 
to its natural or unimproved state, or as if the land 
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were used only for the growth of saleable underwood, 
as the Assessment-Committee may determine. 

No doubt, the reason why the Act of 1874 does not 
provide that land used for a "plantation or wood," 
shall be rated according to the value of its produce, is 
to be found in the real or supposed difficulty of assess- 
ing correctly the annual return from woods subject 
to very long revolutions, or from purely ornamental 
plantations in which the trees are not cut on any fixed 
plan. In well-regulated woods and forests, there 
ought, however, to be no great difficulty in estimating 
the return with sufficient accuracy. The only way of 
determining the rent of such land under the Act, is 
to value it at the yearly sum obtainable for grazing- 
land of the same apparent quality in the immediate 
neighbourhood, which is the rule laid down by law for 
the assessment of all degeriptions of forest-land in 
Scotland. The probability is, that woods assessed in 
this way, especially those subject to long revolutions, 
are too highly rated, as timber-forest, although it may 
be more profitable than moorland-grazings, seldom 
pays as well as grass.* 

In Germany, the value of forests is generally calcu- 
lated, for purposes of taxation, in the foUowing way :— 
Let r be the length of the revolution, H^ the value of 
the main cutting in the r^ year ; D«, D5, .... I?«, 
the value of thinnings in the a*^, &*''.... n^^ years ; 

* Wagner estimates that the average return on the value of the 
State-forests of Bavaria, that is to say, on about 300 millions thalers 
(£45,000,000), does not exceed 1 J per cent. This, it must be re- 
membered, includes the yield from the more profitable coppice, which 
would raise the general average. Ardeitv/ng zv/r Regelung dee For at' 
bePriebs nach Masagabe der nachhallig erreichharen Rentdbilitat^ p. 3. 
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c the cost of cultivation ; v the yearly expenditure for 
supervision, (fee. The nett yearly income from the land 
is then estimated 



r 

A group is treated as if it were part and parcel of a 
model forest. In this way not only the land is taxed, 
but also the standing stock for a complete series, far 
exceeding the value of the land (see also page 9). 

Hxample. — For a plot of land stocked with forest Bmbject to a 
revolution of 90 years, and yielding the returns shown in the Table 
at page 6, the nett yearly returns calculated in the above way is 

2494+13-54-28-l + 48-84-53-4+58-2-f-60-3+73-6-.10-90x2 



90 
2639-9 
90 



= 29-3 



Evidently, the most equitable mode of estimating 
the value of all kinds of forest-land, whether stocked 
with over- or underwood, or both, would be to find the 
value at the beginning of the revolution of the receipts 
during the revolution, and to deduct from this sum 
the capitalized value of all expenditure by the formula 
described at page 17. 
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PAET n -PEACTICAL APPUGATIONS. 



INTRODUCTION. 

IN examining the general principles on which the 
systematic management of a series is based, purely 
ideal conditions have hitherto been assumed, such as 
are — ^it is unnecessary to say — never met with. The 
impossibility of pre-determining the exact rate of 
growth of a group is alone suflBcient to impair the 
accuracy of the most carefully-prepared plan ; and it 
is evident, at the very outset, that the organizer of a 
series can never expect to bring about a state of things 
exactly corresponding to the ideal. Nevertheless, he 
must work with some definite aim in view, and the 
ideal forest is to him what a perfectly frictionless 
machine is to the machinist, an object that may be 
always more nearly attained than before, if never com- 
pletely. For this reason, amongst others, the plan of 
management pi a forest can never be regarded as 
final; on the contrary, frequent revisions are neces- 
sary, in order that it may be known how the plan has 
worked, and what amendments it is necessary to 
introduce. 

The practical work of organization consists in the 
following operations : — 

I. — The Survey of the Forest Area. 
II . — Differentiation. 
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Including the formation of ranges, blocks, compart- 
ments, sub-compartments, rides, and roads. 

III. — Assessment. 

Including an estimate of the stations of groups ; an 
estimate of the age, height, and rate of growth of 
standing stock ; yield of thinnings ; the collection of 
statistics ; and formulation of results. 

rv. — Determination of Yield. 
V. — ^Plan op Operations. 
VI. — Booking Eesults. 
VII. — Revision op Plan. 

Vin. — OONVEESIONS. 
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SECTION L-STJRVEY OF THE FOREST AREA. 



CHAPTER Xn. 

CHOICE OF METHOD AND SCALE. 

The choice of a method depends on the degree of 
accuracy required, which, again, depends on the im- 
portance and value of the forest. Eor land producing 
only firewood-scrub of little value, and, therefore, only 
a very small return, expensive surveys are evidently 
out of place. In India, for example, large areas of 
forest land are often met with, which are not capable 
of returning more than a few annas per acre per 
annum, and in their case accuracy should evidently be 
sacrificed to economy. The organizer will have no 
diffictdtjr in determimng, from personal experience, or 
fi:om information obtainable on the spot, the method 
best suited to the requirements of each particular case. 
For large tracts, theodolite-surveys of the exterior 
boundaries, at least, are desirable, if the outlay can 
possibly be afforded ; but surveys with plane-table, or 
prismatic compass, will generally suffice for minor 
details, such as the inner boundaries of groups, and 
topographical features. Mountainous country is most 
easily surveyed by triangulation ; but in tolerably flat 
country. Gale's method is generally preferable for 
areas not exceeding 10,000 acres. Its advantages are 
most marked in level country and in tall forest, in 
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whicli distant objects can seldom be seen without 
much trouble and cutting of trees. Simple chain- 
surveys are seldom, if ever, suitable for forest work, 
and occupy more time in the long run on account of 
the diflficulty, practically amounting to impossibility 
in most cases, of working in forests without instru- 
ments for measm^ing angles. 

The principal points to be noted when surveying a 
forest for the purpose of organization, are : — External 
boundaries and their marks ; the boundaries of areas 
to which rights or privileges are confined ; all topo- 
graphical features — such as streams, canals, ravines, 
valleys, hills, roads — likely to affect the la.ying-out of 
blocks and compartments, or the working of the 
forest.* 

The original map should be on a comparatively 
large scale, certainly not less than eight inches to one 
mile, or T^or-t A scale of -5^0 ^s much to be pre- 
ferred. (See also the section on maps.) 

* As treatises on sarveyiog are procurable anywhere, it is unneces- 
sary to enter into details. An account of Gale's method is given in 
Captain Firebrace*8 book on surveying, published at Koorkee, N.W. 
Provinces, India. Kraft's " Anfangsgriinde der Theodolitmessung 
und der ebenen Trigonometrie," published at Hanover, and written 
specially for the use of foresters, gives a concise and complete 
account of surveying. 

. t In India the 4-inch scale is used. It is a great deal 

15,840 ^ ^ ^ 

too small to admit of plans fulfilling the principal objects for which 

they are required. All boundary-marks cannot always be shown on 

maps done to so small a scale, nor sufficiently accurate measurements 

made for purposes of organization. Many boundary-lines are only a 

few yards long, and would disappear altogether in a plan on which 

a length of 440 yards was represented by an inch. Maps of this 

kind look well enough, give a good coup-d'ceU, and do very well for 

general purposes, such as inspections; but for detailed work ihey 

are almost useless. If a forest is worth surveying on a 4-inch scale, 

it is certainly worth surveying on an 8-inch scale. 
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SECTION n -DIFFERENTIATION. 



CHAPTER XIII. 



FORMATION OF BLOCKS, COMPARTMENTS, RANGES, 

AND SUB-COMPARTMENTS. 

When a map showing the boundaries and principal 
features of the land has been made, the forest should 
be divided into a number of blocks and compartments 
by means of a system of rides, or by natural divisions, 
or both. The object of this operation is to facilitate 
the survey of interior details and the estimate of 
standing stock : to ensure the carrying out of a 
regular system of cuttings and regeneration, which 
would be impossible in large forests not so parcelled 
out : to avoid the evil effects of exposing trees which 
have grown up in thick cover to wind and sun : to 
afford protection against fire : to admit of freedom in 
locating coupes : and to facilitate exportation, re- 
generation, and transport. 

Eides are cleared lines in the interior of forests, 
and are of two kinds — main and minor. The former 
are made broad enough to admit of the trees on their 
edges throwing out vigorous roots and lower branches, 
and thus forming a protective fringe against wind. 
Minor rides may be made much narrower; their 
primary object is the division of the forest between 

G 
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two main rides into compartments of convenient size. 
Sometimes, however, they are also used as fire traces, 
and have to be made as broad as the main rides. 

The width of main rides depends on the station, 
kinds of tree, and treatment. In high-lying, exposed 
localities, subject to violent storms, their width has to 
be made greater than is necessary in sheltered parts 
of the county. Again, seedling-forests subject to long 
revolutions require broader rides than coppice, and 
trees with tracing roots greater protection than trees 
with pivoting roots. Fifteen to sixty feet may be 
taken as limits, and it may be assumed in a general 
way that a breadth of fifteen feet will suffice for 
coppice, and of thirty feet for seedling forest. When 
intended to serve as a protection from fire, rides 
should not be made less than thirty feet broad, and 
will often have to be made much broader.* 

Minor rides need not exceed eight feet in breadth, 
provided they are not required for cart traffic, nor 
fire-traces. They should be laid out, if possible, at right 
angles to the main rides, which they serve to connect. 

In flat, or undulating country, the best plan is to 
have a regular net-work, the main rides running 
parallel to each other, and in the direction usually 
taken by heavy storms, and the minor rides joining 
them at right angles. The distance apart of the 
main rides should not be too great to admit of a 
cutting being made along the whole length of the 
minor ride connecting two main rides. The forest 
will then be divided into .a number of parallelograms 
or other figures, called compartments, whose size will 

* In India tbey are sometimes 200 yards wide, or more ! 
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depend on the station, on topographical features, such 
as roads and streams, which may be conveniently 
used in place of rides, and on the kind and age of the 
trees inclosed. It is well to separate lands differing 
considerably in productiveness, and groups differing 
greatly in age, at the same time not forgetting that 
very large compartments are inconvenient, and that 
very small ones necessitate a great deal of land, taken 
from the productive area, being converted into un- 
productive rides. Twenty-five to seventy five acres or, 
in exceptional cases, one hundred acres may be taken, 
as Umits. The sides of a compartment bounded by 
main rides should be about twice as long as those 
adjoining minor rides, so as to obtain the most 
convenient shape of compartment for cutting and 
protective purposes.* 

The portion of forest lying between any two main 
rides (or their substitutes) is called a block. 

Whenever practicable, it will be found convenient 
to lay out the net-work of rides before, or when 
actually surveying the interior features of the country. 
It will sometimes be possible to lay out the rides before- 
hand when rough maps of the forest already exist. 

In mountainous coimtry it is desirable that the 
main rides should follow the configuration of the 
ground. Eoads, when not too sinuous, make the 
best boundaries of blocks and compartments, and the 
system of export roads should, therefore, be deter- 
mined upon before the blocks are marked out. When 
main rides are laid out they should follow the lie 

* The cuttings should for obvious reasons march paraUel to the 
main rides aloog the whole length of the minor rides, and progress 
from the fair weather quarter towards the stormy quarter. 

Q 2 
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of the ground as much as possible — a course which 
will give them a horizontal direction. Natural 
boundaries, such as streams, ravines, valleys, ridges, 
afford convenient natural divides, and should be 
utilised in laying out lines of separation for blocks 
and compartments. 

The accompanying sketch represents a hill-forest 
with main rides following the configuration of the 
ground, which is shown by means of contour-lines. 
The stormy quarter is on the left, and the cuttings of 
groups march in the main from east to west, in the 
direction indicated by the arrows. 

Minor rides are often practically main rides. Those 
in the sketch, for example, which separate 10 from 11 
and 9 from 12 ought to be as wide as the main rides 
if the flanks of the compartments are to be properly 
protected. 

Sometimes it is dangerous to open out new rides, 
running through high forest, to their full width, as 
the trees might suffer from sudden exposure to wind 
and sun. In such cases, the lines may be opened out 
to a breadth of a few feet, and so left until the forest is 
regenerated, and they can be enlarged without danger. 

It will not always be found convenient to make a 
very accurate survey of the configuration of the 
ground, as that is generally an expensive and laborious 
affair; but it will always be possible to fix salient 
points, such as ridges or cones, inexpensively and 
expeditiously, with prismatic compass or plane-table, 
and to sketch in the rest by eye. 

Very large areas have to be split up into smaller 
units called ranges, each one being in charge of a 
ranger, or manager, and distinctly marked off from 
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the others by natural or artificial boundaries. Their 
size depends upon the extent of forest which can be 
efficiently managed by one official. No general rules 





I 
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II 



can, however, be laid down. Special circumstances, 
such as the kind and quantity of work to be done, 
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and the situation and value of the forest, must decide 
the matter. A forest, for instance, producing a large 
crop of minor produce, as well as timber and firewood, 
would generally require smaller ranges than one 
yielding only firewood. Generally speaking, forests 
worked intensively, that is, those in which a compara- 
tively large capital is locked up, require smaller ranges 
than those which are worked extensively, that is, which 
require a comparatively small outlay for their main- 
tenance. Take, for instance, the case of a range 
yielding timber, firewood and valuable minor produce, 
and that of one simply producing firewood-coppice. 
Area for area, there would be a much larger capital 
involved in working the timber-forest, in which there 
would be a valuable standing stock and crop of minor 
produce, an establishment for guarding the latter, and 
for collecting, drying, and storing it, in addition to a 
large protective establishment for the forest generally. 
In the case of the range yielding only firewood, the 
standing stock would be of little value, comparatively 
speaking ; the expenditure for guards would be small, 
and there would be no outlay at all on account of 
minor produce. Evidently, a ranger could manage a 
much larger extent of the coppice than of the other 
forest with its numerous personnel and accounts. 

To enable foresters and workmen to find the com- 
partments easily, roughly cut, small, numbered stones 
standing out 15 inches above ground, or, where 
stone is not available, wooden posts, should be erected 
at points where rides meet, and also at intermediate 
points in rides which are very long. The distance 
between these stones should not, as a rule, exceed two 
hundred yards. Where the expense of putting up 
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stones or posts is too great, or where there is fear of 
posts being burnt by running fires, it will often be 
found possible to throw up mounds of earth or stones, 
or to have the more durable kinds of mark at the 
corners and the less durable at intermediate points. 
They should be erected on the sides of rides, not in 
the centre, where they are more liable to be damaged 
and may interfere with traffic, and all should be on the 
same side of the rides, either on the right or left, so 
that they may be easily found. 
The numbers should be cut on 
the stone, and may be painted 
over to make them more easily 
distinguished. 

All ride-stones and their num- 
bers, as well as those of com- 
partments, should be shown on 
the working-map, but may be 
omitted in general maps, which 
are too small for such details. 
(See also " maps," p. 236.) 

When the organiser finds that 
the forest has already been split 
up into blocks, he should accept 
as far as possible existing sub- 
divisions, only making such 
additions and alterations as appear to him absolutely 

necessary. 

It often happens that compartments contain groups 
of different species, or of very different ages and 
growth, or subject to different treatment. Groups 
differing in one or more of these respects have to be 
separated from one another by some inexpensive 
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means, such as wooden posts, small mounds of earth 
or stones, or by narrow cleared Hues. Such boun- 
daries are shown on the detail-map by means of dotted 
lines, and the area occupied by each group is called 
a sub-compartment. Bach sub-compartment is known 
by a letter of the alphabet with the number of the 
compartment prefixed : thus, 5 a is sub-compartment 
a of compartment 5 (see figure, p. 87). Groups 
occupying an area of less than an acre need not be 
separated. 
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SECTION IIL-ASSESSMENT. 



CHAPTER XIV. 

INSTRUMENTS REQUIRED. 

Besides the ordinary surveying-tools, instruments are 
required for measuring the diameters or circumfer- 
ences of trees and their heights, and for estimating 
the cubic contents of wood of irregular form, which 
cannot be directly measured. 

Diameter and Ciecumfebence Measures. 

One of the best forms of diameter-measure is the 
one shown in the accompanying diagram. The arms 
ABy CDy are made of well-seasoned teak or oak. 
The limb EF is fixed at right angles to AB at jB7, and 
slides through an aperture in CD. The limb OH is 
jfixed at right angles to (7X>, and fixed to GD at (?, 
sliding through an aperture in AB. GH is made to 
run along a V-shaped rail on EF to prevent the 
limbs from separating when one is drawn out beyond 
the aperture in GD or AB. The limb EF is divided 
from the point E into inches and fractions of an inch, 
the divisions being numbered from J7 to jP, and continued 
along the lower limb from G to H; thus, if from E to 
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F is 24 inches, the first inch on QE would be marked 
at the end near Q, and be numbered 25. In using 
the instrument, it is grasped by the handles at B and 
D, and its arms are placed so that the trunk to 
be measured shall be between them. B and I) are 
are then pressed towards each other until both arms 
are resting against the tree : the diameter is then 
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read off on the limb EF, or QM^ as the case may be. 
This is a very handy and portable instrument. Its 
dimensions depend on the size of the trees to be 
measured. With arms 2 feet, and limbs 3 feet long, 
trees up to 5 feet in diameter may be conveniently 
measured. 

For measuring circumferences an ordinary tape, or 
one of steel or leather, is used. 
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Trees can be measured much more expeditiously 
with the diameter-measure than with the tape; the 
latter may, perhaps, be slightly more accurate 
for single trees, but even that is doubtful, and, 
anyhow, whatever slight advantage is gained in 
this respect, is more than counterbalanced by the 
comparative slowness of the process. When many 
trees have to be measured, the advantage of greater 
accuracy probably lies in favour of employing the 
diameter-measure. When the bole is very elliptical, 
it may be measured in the directions of the major and 
minor axes, and the mean of the two readings taken. 
Some foresters recommend that masses of forest 
should be measured with the diameter-measure, but 
single trees, such as sample-trees, with the tape ; 
others, on the other hand, think the tape should be 
discarded altogether. 

In measuring trees, allowance must be made for 
the thickness of the bark. This must be estimated 
for each diameter - class, and deducted after all 
measurements have been made in the field. 

Height-Mbasuees. 

Many methods of estimating the quantity of 
standing stock involve the use of instruments for 
measuring the height of standing trees. A theodolite, 
or a level with vertical arc. is an excellent instrument 
for this purpose, but is troublesome to carry about, 
and its use takes up too much time to admit of 
its being generally adopted. The process of finding 
the height of trees with one is simple. Let (7D, 
Fig. 1, be a tree whose height is to be measured. 
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Assessment. 



Set up the theodolite, or level, anywhere, at -4, if 
possible at a distance from the tree equal to about the 
height of the tree. Measure the angles BAG, BAD, 
and the horizontal distance (a) from A to the foot of 
the tree, D, along the ground making allowance for 
its not being horizontal, if necessary, (a) will be equal 



c 



Eortzorttrth Line 



B 





to AB, and the height, ff, of the tree will be found by 
the formula 

E = (tan BAC -f tan BAD) AB, 

or since the measured length, a = AB, 

H = (tan BAC -^^ tan BAD) a. 

If the theodolite is below the foot of the tree, 

H = (tan BAG "iAn BAD) a. (Fig. II.) 

If the theodolite and the foot of the tree are in the 
same horizontal plane, the angle BAD disappears, and 
the formula becomes 

H = tan BAC x a. 
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The reflecting hypsometer, invented by a German 
forester, is a more generally useful and thoroughly 
practical instrument. It consists of a rectangular 
board, ABGD, some 9 inches by 6 in size, whose 
lower edge, OD, is divided into 150 equal parts to the 
left of the centre of the plunger, *, and 60 to the 




Fatutmann's Beflecting Hypsometer. 

right of that point, as shown in the figure. The 
plunger is movable up and down a groove in the 
board at right angles to (7D, and kept in any required 
position by a spring placed in the groove behind it. 
The eye-piece, ti, and the objective, m (consisting of a 
horse-hair wire), are fixed to the board, so that a 
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straight line connecting them would be parallel 
to AB and GD. GEFH is a mirror, by means 
of which readings can be taken at the same time 
as observations. The pieces m and n, consisting 
of brass, and the mirror, which has a backing of tin 
or brass, turn on hinges, and can be laid back 
flat on the board, so as to pack easily into a 
small case. On either side of the groove the distances 
from GDf on the same scale as the horizontal scale, 
are shown. The plumb-line, p, is fixed in the centre, 
and near one end, of the plunger. By raising or 
depressing the latter, which is fifty divisions of 
the scale in length, the distance of the point of 
suspension of the line from DG can be increased 
from 60 to 120, whilst by inverting the plunger, so 
that the end marked I is above, and that marked II 
below, the distance can be reduced to 10. 

To use the instrument, measure the horizontal 
distance, in feet or yards, of the observer from 
the tree. Set the plunger at the same relative 
distance on the vertical scale ; then, looking through 
the eye-piece, align the top of the tree with the 
hair at m, allowing the plumb-line full play. As soon 
as the latter is at rest, the number which it intersects 
on the horizontal scale can be read off in the mirror, 
and indicates the height of the tree, in feet or yards, 
as the case may be, if the observer's eye is on 
the same level as the foot of the tree; otherwise, 
a further observation will have to be taken to the foot 
of the tree, the result being added or deducted from 
that already obtained, according as the eye of the 
observer is above or below the foot of the tree. 

The rationale of this method is as follows. In 
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figure I., let BD represent the tree, and A the 
hypsometer, on which ac represents the vertical, 
or, as it is called, distance-scale, and he the horizontal, 
or so-called height-scale. Draw a horizontal line, 
AGy from the eye-piece, -4, meeting the tree in a 
point, G. Then, since the tree grows vertically, AGS 
is a right angle ; ach is also a right angle, and the 
two angles are therefore equal. BG is parallel to 56, 
therefore Ash = ABG ; and As being parallel to he. 





Fig. L 



Fia. n. 



she is also equal to Ash ; therefore she = ABG, and 
the triangles ABO and ahc are similar ; and 

BCiAC = hc:ac 

but by construction AG \& represented by ac, there- 
fore BG is represented by he. 

In figure II., it is also evident that the triangle AGD 
is similar to the triangle aed, and that, therefore, 

CD : AG z= cd :ac, 

and that AG being represented by ae by construction, 
GD is represented by cd ; but the whole length of the 
tree is equal to BG + CD, therefore it is represented 
by he -f cd. 

When the observer's eye is below the foot of the 
tree, as in Figs. HI. and IV., it is evident that the 
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height of the tree will be found by deducting CD from 
BG. The values of OD and BG may be found in 
the manner just described, the observation for BG 



B 




Fia. m. 




Fig. IV. 

being taken to the top of the tree, whilst that for DG 
is taken to its foot. 

Apparatus fob Determining the Cubic Contents of 

Amorphous Wood. 

Firewood is generally, and small timber sometimes, 
sold in stacks or loads, the size of which may vary in 
different parts of a country, and the sohd contents of 
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which is sure to be different for different parts of a 
tree. A stack of stem-wood contains, for instance, 
more solid matter than a stack of the same dimensions 
containing branches of the same tree. Wood of very- 
irregular shape or very small size cannot be directly 
measured; hence the necessity of finding out the 
solid contents of a standard stack for different de- 
scriptions of wood (stem, large branches, and spray, 
for instance), and for different species separately. 
The process of measuring the contents of amorphous 
wood is tedious, and it would be impossible to measure 
every stack. The average of a number of experiments 
is, therefore, generally taken as a standard for a 
species, and for a whole district or country. Thus, in 
the Grand Duchy of Hessen, the average percentage 
of solid wood for all species is fixed as follows : — 



Description. 



Split stem-wood ^ 
over 5 inclies > 
in diameter ) 



TJnsplit smooth 
or straight 
stem or branch 
wood, 2 to 5 
inches in dia- 
meter 

Split stumps 



Smaller spray ... 



Solid contents 

of Stack, cubic 

feet. 



70 per ceEt. 
of size of 
stack 



60 per cent. 



Dimensions 
of Stack. 



4 by 6 by 
12 feet 



Remarks. 



Do. 



50 per cent. 



25 i per cent. 



Do. 



'Wood sawn in 4 
feet lengths and 
worked np at 
right angles to 
length of stack 



Do. 



'Branches 12 feet 
long and stacked 
in the direction 
of the length of 
the stack. 






H 
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The result depends greatly on the way in which the 
wood is stacked, and on the dimensions of the pieces. 
Uniformity in these respects must therefore be strictly 
observed. Stacks of crooked, knotty wood, although 
of the same size as smooth, straight wood, should be 
estimated separately. 

The solid contents of amorphous wood may be 
determined by means of the apparatus shown in the 
accompanying figure. A cylindrical vessel. A, about 



AppartitQS for determining the onbio oontentB of amorplioafi wood by tbe 
wnter-proceiB. 

four feet high and two feet in diameter, communicates 
with a similar vessel, B, by means of a tube at G. A 
glass tube, t, communicates at the bottom of the vessel 
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B with its interior, the water in which can be let off by 
means of the stop-cock, k. By means of a graduated 
metallic scale and the glass tube, the cubic contents 
of water in B can be read off. To graduate the scale, 
a Tcssel of exactly one cubic foot capacity is filled with 
water which is poured into By which is placed in a 
vertical position. The water rises to the same height 
in the tube as it is in the vessel, and the height to 
which it rises indicates the distance on the scale corre- 
sponding to a cubic foot of water in the vessel. This 
distance is then divided into fifths or tenths, each one 
of which will correspond to the fifth or tenth part 
of a cubic foot of water. In this way the scale is 
graduated up to the top. By reducing the diameter of 
B to one foot greater accuracy will be attained, and the 
vessel need not be made any higher. The vessels A 
and B may be made of wood, but block-tin or zinc is 
preferable. 

To use the apparatus, place A and J? in a horizontal 
position, fiU the vessel^ with water up to the spout c, 
and place the mouth of the tube so that water passing 
through it will run into the vessel B. Then completely 
submerge the wood to be measured in the vessel A. 
This may be most effectually done by means of a 
finely perforated zinc or block- tin lid, exactly fitting 
the interior of A. The consequence will be that the 
submerged wood will displace a quantity of water 
equal to its bulk, which will overflow and run into the 
vessel By when its cubic contents can be read off on 
the scale. The operation should be quickly per- 
formed, as wood soon absorbs moisture if left stand- 
ing in the water. 

H 2 
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CHAPTER XV- 

DBSCEIPTION OP THE STATION.* 

This term is used to denote the climate, soil, and 
situation of a place. It is necessary to know the 
kind of station in which we are operating in order to 
determine what kinds of tree are best suited to it, and 
what sort of treatment should be adopted ; also to 
enable us to predict the probable rate of growth of 
trees. 

Climate. — This will be pretty much the same for all 
groups of a range, and need not be repeated for each 
one. Extremes of temperature, occurrence or absence 
of gales, droughts, moisture-laden winds (monsoons), 
hot or cold dry winds, the direction generally taken 
by violent storms, are the most important matters to 
note. Grain and other edible fruits growing in the 
immediate neighbourhood are often a good index to 
the climate, and may be noted. We know, for in- 
stance, that where wheat flourishes in Northern 
Europe the climate is comparatively mild, and suited 
to the growth of nearly all kinds of deciduous forest- 
trees, whilst where only oats can be got to grow well, 
the climate is raw and better suited to hardy conifers, 

* Tbe sabject is examined generally, and with reference to each 
forest species, in books on sylviculture. It will suffice to give a 
general outline of it, and to refer the reader to works on sylvi- 
culture for particulars. 
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such as pine, larchi and firs. The growth of forest 
species is, of course, a still better guide for our pur- 
pose. 

Situation. — The chief points to note are: height 
above the sea, whether table-land, mountain-range, 
lowland, or valley, angle and direction of slope (ap- 
proximately), aspect. 

Soil. — The kind of underlying rock should be noted. 
Depth and kind of soil (clay, loam, sand, &c., and 
their modifications) ; surface-deposits (such as gravel, 
stones, humus). Other physical characteristics such 
as colour, degree of moisture, power of absorption, 
permeabiUty, may also be noted. 

Surface-growths, not forming part of the forest 
(such as moss, bilberries, grass, broom, heather, 
ferns), are also very important as indicating the 
quality, moisture, and kind of soil. 

Classification of Stations. 

In forming a general opinion of the productive 
power of a station, with reference to a given species, 
the best guide is the growth of trees on the land 
itself, or on other land close to and similarly situated. 
An examination of the soil and climatic conditions will 
generally enable the forester to guess more or less 
correctly what species are best suited to the station ; 
but will be but a poor guide to their rate of growth, 
or even the treatment or revolution to be adopted ; 
whereas by observing the growth of a species on a 
particular soil, he will be much more likely to form a 
correct idea of the suitability of the station to that 
particular species, and of its rate of growth and the 
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best kind of treatment to adopt, than if lie confined 
his attention to the examination of the soil and 
climate. The relative growth in height is, generally 
speaking, the chief point to note in judging the 
general growth of a tree. 

It often happens that trees thrive well up to a 
certain age, when they begin to droop, as is sometimes 
the case when they are grown in shallow soils with a 
hard, impervious substratum, which checks the growth 
as soon as the roots touch it. On the other hand, it 
sometimes happens that trees are sickly until they 
attain a certain height, when they shoot up and grow 
vigorously to an advanced age ; a circumstance that 
may be owing to some local climatic cause, such as 
their being retarded by frost until they reach a certain 
height. In such cases, a careful examination of the 
environment will sometimes enable the forester to find 
out and remove the obstacle, as in the case of moor- 
pan, or lead to important changes of treatment or 
species. 

Trees which have been injured by game, cattle, or 
otherwise, are of course useless in an examination of 
this kind. 

It is usual to have three, four, or at most five 
classes of station ; and, as stations are difierent for 
difierent species, it is necessary to have separate classi- 
fications for each species. A good plan is to express 
the quality of the best station by unity, and the values 
of others as decimals of one. Thus the quality of a 
compartment stocked with oak and beech might be 
described as '5 for oak, and '75 for beech. 
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CHAPTER XVI. 

Desoeiption of Groups. 

The points to be noted are (1) the species, (2) their 
regimes and modes of treatment, (3) cover, (4) density, 
(5) cubic contents, (6) age, (7) increment. 

1. The Species. 

A group may consist of one or more species. In 
the former case, it is called unmixed; in the latter, 
mixed. 

For mixed groups, the relative proportion of each 
species should be stated approximately, arid the pre- 
vailing species mentioned first. The way in which 
they are mixed should also be stated whenever it can 
be ascertained. Thus, a group may be described as 
consisting of '7 beech, naturally regenerated, and of 
•3 oak in clumps. 

2. REGIMES AND Methods of Treatment. 

These are fully discussed in books on sylviculture. 
The following is an outline of the principal systems of 
which all others are modifications : — 

I. Seedling-Forest, also called high forest, which 
has been raised directly from seed. 

II. Coppice, which is the result of shoots from the 
stumps, stems, or roots of trees. 
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III. Undbb- and Ovbrwood, also called coppice with 
standards^ stored coppice^ composite forest^ which is a 
combination of seedling-forest and coppice. 

Seedling-Fobest is treated— « 

(1) By the Pbimttive Method, or method of selection^ 
when each tree in a forest is cut out as soon as it 
becomes mature, without reference to other trees, 

(2) By the Method of Regular Cuttings, when 
coupes are confined to comparatively small areas, on 
which all trees are cut at the same time, or nearly the 
same time, and the area, thus cleared, re-stocked 
artificially or naturally. 

Regular cuttings may be divided into — 

(a) Clean Cuttings, when all trees on a given area 
are cut away clean, and the forest artificially re- 
generated. 

(6) Natural Regeneration Cuttings, when the trees 
are gradually removed, so as to effect the regenera- 
tion of the forest by seed in the natural way, and to 
afford protection for a time to the young growth. 

Coppice-Treatment is similar to the treatment of 
seedling-forest subject to clean cuttings, with the sole 
difference that reproduction is differently effected, 
namely, by the shoots that spring from the stools or 
roots. 

The form as well as the treatment should be noted. 
A group may have originated, for example, artificially 
from sowing or planting. In the latter case, the trees 
will have been planted at regular intervals, in lines, 
squares, clumps, etc. 
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3. Lbaf-Covbe, OB Cover. 

This term refers to the canopy of leaves of a tree, 
group, or forest. When the sun*s rays are unable 
to pierce the foliage of a group, the cover is said 
to be full, or complete. Full cover is taken as the 
unit of comparison, and less degrees are expressed in 
decimals of it. 

4. Density, oe Absolute Density. 

This term refers to the number of trees in a group. 
When an area is fully stocked, its absolute density is 
complete and expressed by unity; if incompletely 
stocked, the degree is expressed in decimals of one. 

If the area is overstocked, that is, if the trees are 
so crowded as to be choking one another, a note 
should be made to that effect. In a fully-stocked 
group, the cover is generally complete ; in an incom- 
pletely-stocked group, it is generally incomplete, and 
the state of the cover is often the best guide to deter- 
mine the degree of density. 

Blanks and Wastes. 

When parts of a compartment, or sub-compartment 
are quite bare, they are called blanks. In noting 
blanks, it should be stated if they are temporarily 
bare, or permanently so on account of their being un- 
culturable from physical or other causes. Large 
unstocked tracts are called wastes, and the reason of 
their being bare should always be noted. 
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5. Methods of Dbteemining the Cubic Contents 

OP Groups. 

The principal methods employed will be found in 
the foUowiBg synopsis :- 

A. Involving no Direct Measurements. 

I. — By Eye. 

II. — Bt Experiential Tables. 

(1). General Tables. 
(2). Local Tables. 

B. Involving Diameter-Measurements of all Trees. 
III. — By Means of Size-Classes. 

(1). Involving the Use op Sample-Trees. 

(a) . Of one sample-tree only. 

(6). Of a sample-tree for each size- 
class. 

(2), By Tables showing the Contents of 
EACH Tree. 

IV. — By Pressler*s Method. 

V. — By Employing both Size and Height-Classes. 

C. Involving Diameter-Measurements of only a 

Portion op the Trees. 

VI. — By Means op Sample-Areas. 
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A. — ^Methods Inyolvino no Direct Mbasubbmbnts. 

L— Bt Bye. 

In this case, the assessor walks through the group 
from end to end, estimates by eye the contents of each 
single tree, or judges the whole contents at once from 
personal experience of the cubic contents of trees 
growing under similar circumstances. 

If the contents of each tree are judged singly, he will 
have to mark each one as he proceeds. This may be 
done by putting a daub of coloured liquid or paint 
on the tree, or by blazing the 
trunk with an axe, or, better 
still, by means of the instru- 
ment shown in the accom- 
panying figure ; a is a gouge- 
shaped steel cutter at the end The Gonge-Biaw. 
of an arm b five inches long. 

This blazer is more handy than an axe, and its use 
is to be preferred to colouring matter, which is apt to 
be washed away by rain. 

The results obtained by this method, even when 
carried out by men of long experience, are extremely 
uncertain, and cannot be relied upon to approach 
nearer than 60 per cent, of the actual quantity esti- 
mated. A minor objection to the method is, that 
there is no means of checking the work done by the 
assessor. For purposes of organization, it is, there- 
fore, not to be recommended. 

II. — By Experiential Tables. 

These consist in tables showing the yields per acre 
of a species, from year to year or from period to 
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period, under given conditions of station and environ- 
ment. Tables should show the yield per unit of 
surface ; in England, therefore, per acre. 

Without experiential tables, neither the laws of 
growth, nor the determination of the most advan- 
tageous revolution and treatment, nor the prospective 
v'alue of forests, could be ascertained. They are also 
useful in other respects ; to determine, for instance, 
the quality of the station, or the progressive yield of 
superior timber as compared with smaller descriptions 
and firewood. 

Bicperiential tables may be constructed with a view 
to their being employed generally throughout a 
country, or simply for local use. Tables for general 
use must be constructed on the average results 
obtained by numerous experiments in various parts of 
the country for which they are intended. There can 
be little doubt that groups of the same height and age, 
which have grown up under similar conditions, will 
have'^ the same form-coeflSicients, and, consequently, 
also the same cubic contents, no matter where they 
are grown within reasonable geographical limits, as, 
for example, within an area of the size of Great 
Britain, or of France, or even of Germany. It is 
seldom, however, that the previous treatment of a 
group is known, nor is it likely that any two groups 
ever grow up under exactly the same conditions of 
environment and station. It is, therefore, desirable 
that local tables should be constructed wherever great 
accuracy is essential, as in valuable forests managed 
on the financial system, or on those systems which 
require that the yield shall be determined for a whole 
revolution in advance. At the same time, it must be 
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admitted that for large proprietors, as, for instance, 
the State, it is a great advantage to have a uniform 
classification, and that to a certain extent accuracy 
may sometimes be sacrificed in their case in order to 
attain this end. 

It is usual in constructing tables of yield of a 
species, to have three, four, or even five classes ; as 
groups of the same age and species vary greatly in the 
quality and quantity of their yield according as the 
station is favourable to their growth, or otherwise. 
The yield of any given class may be fixed by deter- 
mining the quantity of material of representative 
groups of the required quality.* The method of 
classification generally adopted is more oi: less arbi- 
trary. The usual way is for the assessor to choose 
one or more well-stocked representative groups from 
among the most flourishing and best conditioned, to 
measure them after thinning, and to give the average 
result per acre as the yield of the last ; or, if there are 
five, of the fifth class, and so on until he comes down 
to groups of the worst class. In this way there may 
not be great dijS&culty in selecting samples of the best 
and worst classes, but the determination of inter- 
mediate classes is assuredly extremely difficult, and 
more or less hap-hazard. The class to which a repre- 
sentative group belongs is by this means not made to 
depend on the quantity of wood it contains, but the 
quantity of wood is made to depend on the class to 
which, in the opinion of the assessor, it should belong, 
Mdthout reference to its cubic contents. Everything 



* A representative group here means a groap which appears to 
the assessor to be a fair average representative of its class. 
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is thus left to depend on the idiosyncrasies of the 
assessor. Perhaps a better plan, which will be 
described further on, is to reverse this order of things, 
and to allow the quantity of wood to determine the 
class. 

The following are the principal methods employed 
in estimating the yield of a class for different ages of 
a species, and the position of groups in the classifi- 
cation : — 

1. The same representative group of a class is 
measured from year to year^ or from period to period. 
In the latter case the average yearly increment is taken 
as the yearly increment for the period, and the yearly 
yields are made out accordingly. 

2. Several groups of different ages (15, 21, 30, 49, 
60, 70, 79, 85, 91 years old, for example) are selected 
for each class, and the yields for intermediate years 
interpolated in arithmetical progression. 

The former of these methods is too slow, as it would 
take nearly a whole revolution to obtain a table of 
yields by it. It is quite possible, too, that a group 
which belonged at one time to the fifth class might 
fall off in vigour, and become a first class group before 
the end of the revolution. 

With regard to the latter method, its chief defect is 
that one cannot be certain that all the groups chosen 
are really of the same class ; indeed, one may be 
pretty certain that some are not. Its chief recom- 
mendation is, that the yields of all ages of a class are 
fised at once. 

m 

3. Certain of the oldest groups only of each class are 
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selected, and the size of representative trees of younger 
groups deduced from them.* 

In 1824, Huber propounded the theory that a tree 
which was found to be average- sized, as regards its 
diameter, at the end of the revolution, had in all 
probability been an average- sized tree from youth 
upwards. From this he concluded that all that was 
necessary was to search out an exploitable repre- 
sentative group of the required class; to find the 
diameter of its representative tree (by a method here- 
after to be described) ; to fell a tree of diameter so 
found ; and to determine the diameter of average trees 
of previous years by measuring its annual layers 
corresponding to the then ages of the tree. The 
representative trees thus estimated were then to be 
taken as standard representatives of all other groups of 
the same respective ages and classes. Supposing, for 
instance, it was found by felling a tree in a third class 
mature group, one hundred years old, that its repre- 
sentative tree in the fiftieth year had been 8 J inches in 
diameter, 8 J inches would be the standard of the third 
class for groups fifty years old, and if any group fifty 
years old was found to have a representative tree 8J 
inches in diameter, it would, according to Huber, 
belong to the third class, and its contents might be 
estimated to find the standard yield of a group of that 
age and class. If, on the other hand, its representative 
tree had a greater or less diameter it would belong to 
a difierent class. 

* The representative tree of a groap is one which is estimated to 
represent the average size of all trees of that groap. Thus, if a groap 
of 1,000 trees has total contents of 40,000 cabic feet, its represen- 
tative tree woald have contents of =40 cabic feet. 
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It will suffice to mention one objection to this 
method, namely, that a tree which was of average 
size in the earlier part of the revolution would no 
longer be so at the end. An average-sized tree of 
a group in its 40th year, for example, would be one of 
the dominated class at that time, and, in all pro- 
bability, no longer represent an average-sized tree at 
the end of a longer revolution. If we take, for 
instance, Baur's estimate of the number of trees in a 
beech group of the fifth class, there would be 3,400 
trees to the hectare, when the group was forty, but 
only 480 when it was 120 years old the number 
having been gradually reduced by the smaller stems 
having been by degrees suppressed or thinned out, of 
which our former average stem would surely be one. 
And this view has been fully verified by experiments 
in Brunswick, where 1,857 groups were repeatedly 
examined in the years 1862, 1867, 1872, and 1877, 
the result being that in each case the average- sized 
tree in one year did not keep pace with that of a later 
year.* Other objections to this method might be 
advanced. It does not, for instance, follow that 
because the diameter of representative trees of two 
groups are the same, their cubic contents are also 
the same. It would be necessary for this that their 
heights and co-efficients of form should also be equal. 

The following plan, proposed and carried out by 
Hartig, is a modification of the above. t An exploit- 
able group representing the class whose yield is to be 
determined is first cleared of all suppressed trees and 

* AUgemeiv/e Forstrund Jagd-Zeitungj 1878, p. 113. 

t Die Bentahilitdt der FichtermtUzhohwaldungen, <fec., 1868. 
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those interfering with the proper growth of the group 
generally. The sum of the areas of the bases, at 4j^ 
feet from the ground, of all remaining trees is then 
made out by actual measurement and divided into 
4 to 6 equal parts, each representing a sub-class. 
The first sub-class is then made to contain as many of 
the largest trees as are necessary in order that the 
sum of their basal areas shall be equal to the basal 
area of the sub-class. The next sub-class contains 
the next largest trees, with, of course, a sum of basal 
areas equal to that of the first sub-class, and so on to 
the last sub-class, with the largest number of trees. 
In this way the sub-classes are made to represent 
approximately equal quantities of material. The sum 
of the basal areas of a class is then divided by the 
number of the stems it contains, the quotient being 
the average basal area of a tree of such sub-class. 
A tree of the basal area thus found is felled for each 
sub-class and cut up into eight-feet lengths, for the 
purpose of determining the cubic and diametral in- 
crement for five years' periods by measurement and 
by counting the annual layers. At the same time, 
the rate of growth in height is estimated by the 
differences in the number of annual layers in the 
several sections. If, now, sub-classes containing the 
largest trees of a younger group are found to have 
about the same number of trees and the same rate 
of vertical, diametral, and cubic growth as the corre- 
sponding sub-classes of the representative group, for 
example, of the first class, were found to have, the 
group would, according to Hartig, belong to that 
class, and might serve as a standard of yield for it. 
By Hartig's method, the number of largest trees in 
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a group fixes its class. It must have as many large trees 
as the representative group had, at the same age, in order 
to belong to the same class. His method is, therefore, 
more likely to give accurate results than Huber's, 
which is based solely on the size of the average tree ; 
but a serious objection to it is that the yield of a class 
is determined by experimenting on one sample-group 
only. It is only by experimenting on a number that 
accurate average results can be expected. Hartig 
virtually postulates that all groups, whose sample- 
trees have a basal area equal to that of an average- 
sized tree of a given class, have grown up under 
exactly similar conditions. If we consider that some 
groups may have originated from planting, others 
from sowing, whilst some may have been thinned 
regularly, and others spasmodically, or not at all, we 
at once perceive — without mentioning a hundred 
other possible disturbing influences — the impossibility 
of admitting this assumption. It is, in fact, pure 
chance if Hartig's representative trees ever really 
correspond to the average trees of the classes they 
represent. 

Another objection to the method is that it is 
extremely complicated, laborious, and difficult of 
execution, more particularly when the growth of a 
species is slow, and its annual layers are ill-defined. 

3.-4 number of groups of different ages are 
measured^ their respective contents calculated, and 
the yield of each class graphically determined for all 
ages by means of curves. 

This method was first adopted by Baur in the 
construction of tables for beech and fir.* He measures 



* Die Hohmesshwnde, 3rd editioD, p. 242. 
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a number of representative groups of all ages and 
classes in various parts of the country, or tract, for 
whose forests tables are to be constructed. It is 
desirable that about the same proportion of each class 
should be taken, and in choosing groups this should 
be remembered, because, although the classes are not 
fixed beforehand, the assessor, after some practice, 
attains such proficiency that he can estimate the class 
of a group with tolerable accuracy before it is 
graphically determined. The groups selected should 
be fully stocked, and occupy an area of not less than 
three quarters of an acre ; and for five classes not less 
than 150 experimental groups, or 30 per class, should 
• be examined. If they require thinning, they should 
be first thinned to the usual extent, the remaining 
trees then measured, and the quantity of branches, 
stem-wood, average co-efl&cient of form, height, and 
the sums of the basal areas, ascertained for each 
group. For the purpose of calculating the yield 
Draudt's method is the best.* The thinnings are 
booked separately, and the experimental groups 
marked on the ground and the map, so that they can be 
repeatedly examined in subsequent years. The station 
and general appearance of each group is also described. 
The above operations concluded, the assessor passes 
on to the graphic representation of the contents of 
each group, separating (1) the yield of log wood from 
(2) the yield of smaller wood and branches. For this 
purpose, a horizontal line (abscissa) is divided into as 
many equal parts as there are years in the average 
age of the oldest group; the divisions, thus repre- 
senting one year each, are numbered successively from 

* Described at page 131. 

I 2 
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left to right, and ordinates drawn from them on one 
side of the abscissa. The cubic contents of the 
experimental groups are then marked off on the 
ordinates, on a suitable scale, and at the points on the 
abscissa corresponding to their respective ages. The 
number of cubic feet in a group corresponds to the 
length representing that group's ordinate, the distance 
being marked off by a dot or circle, which may be 
numbered so as to correspond to the number of the 
experimental group. This numbering is not absolutely 
necessary, but it enables the experimenter to see with 
what degree of success he has classified the groups. 

To determine the limits of the classes, the highest 
points on the ordinates are all joined together in one 
line, and the lowest points in another line, both lines 
meeting the abscissa in the year 0. These two lines 
represent respectively the highest and lowest limits of 
the classes. The positions of the intermediate class-lines 
are fixed by dividing the portion of the last ordinate 
which joins the two class-lines into a number of equal 
parts answering to the number of classes to be con- 
structed. If there are to be five classes altogether, four 
distances will have to be inserted. Curves are then 
drawn joining each of these points with the point of 
the abscissa. In drawing out the first two Knes a gentle 
curve should be maintained, which will sometimes pass 
slightly above and sometimes slightly below the points 
which it should intersect; an angular zigzag line is 
to be avoided. The spaces between the lines represent 
the ranges of the classes respectively; the groups 
whose ordinates terminate in the second space from 
the top belong to the third class, for instance, sup- 
posing that there are four classes. 
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The average cubic contents of a class will then 
evidently be found by drawing a curve through its 
centre from the last ordinate to the point 0. The 
average cubic contents of a group 50 years old of the 
fourth class wiU, therefore, be found by measuring the 
length of the ordinate number 50 to the top con- 
tinuous curve; that length on the scale being the 
equivalent yield in cubic feet of the group. 

The mean heightSj &c., of the groups experimented 
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Figure illnstratire of the graphic method of finding the cubic contentB of 

groups — for four classes. 

upon may also be regulated by a system of curves. 
The heights of representative trees of each group 
examined are laid off on ordinates in the manner just 
described, and the heights for different ages deter- 
mined accordingly. Baur found, when constructing 
tables for spruce and beech, that the average height 
of the classes varied as their cubic contents ; that the 
greater mass always corresponded to the greater 
height. If this rule is found to hold good generally, 
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it is a valuable discovery, because in that case we 
shall have a very simple means of determining the 
dass of a group. It cannot, however, be considered 
an established fact imtil Baur's investigations have 
been verified by numerous experiments on a large 
scale. 

. This method has the great advantage over all 
others of comparative simplicity, rapidity, and 
easiness of execution, and of the yield being made to 
determine the class, instead of the class determining 
the yield, nothing in this respect being left to the 
idiosyncrasy of the assessor. A large number of 
representative groups are examined, and, setting 
aside the question of intrinsic merit, more reliable 
averages may, therefore, be expected, than from 
methods by which, on account of their laboriousness, 
comparatively few groups are examined. 

The determination of the contents of groups of 
intermediate classes is evidently not absolutely 
necessary by Baur's method. So far as the deter- 
mination of the intermediate curves of contents is 
concerned, it would evidently suffice to examine only 
the best and worst groups. In that case, however, 
the relation of the heights of groups to their cubic 
contents could not be ascertained, and this is a most 
important point to determine if, as appears probable, 
Baur's supposition is correct. 

- . Experiential tables should contain details of the 
yield, divided at least into log wood and other wood, 
and also of the mean age and height. Other matters 
of useful information, such as the mean yearly and 
current growth may also be given, but too much 
should not be crowded into one statement. It is. 
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therefore, usual to have separate tables of the main 
yields (main cuttings), of thinnings, &c. 

The yields should be given at intervals of five or 
ten years ; the average increment during an interval 
being taken as the yearly growth during such 
period. 

The tables are used in the following manner to 
estimate the contents of groups. Supposing that a 
group to be examined is of about the same age, 
height, and density, as a group in the tables which 
shows a yield per acre of 3,000 cubic feet. If this 
group covers an area of 10*5 acres, fully stocked, 
its contents will amount to 3,000 X 10-5 = 31,500 
cubic feet. But if the area is not completely stocked 
— if, say, it is estimated by measurement, or eye, to be 
only half-stocked — the contents of the group would 
amount to only 31,500 x '5 = 15,760 cubic feet. 

To use the tables to determine the class to which 
a group belongs, we look up in the tables the class 
of the group most nearly corresponding to it as 
regards age and height. 

It is desirable that the representative groups, 
by means of which the tables were constructed, knd 
the group under examination, should be of about- 
the same relative density, because groups of the same 
average height and age may vary very considerably 
if their relative densities are not about the same ; the 
absolute densities, owing to blanks, &c., may, of 
course, differ without affecting the accuracy of the 
result. 

Very great accuracy cannot be claimed for any 
method of estimating the contents of groups by 
experiential tables even under the most favourable 
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circumstances; but they often afford a cheap and 
sufficiently accurate means of determining the 
contents of regular, well-stocked groups. 

One of the chief uses of experiential tables is to 
enable the assessor to predict the probable future 
increment of a group. 

The following tables show the yield of an acre of 
land for Scots' pine, according to Burckhardt.* 
Thinnings, branches, and stumps are not included. 
The estimate is the average result of extensive 
experiments in different parts of the province of 
Hanover. 



Age 












of 


Class V. 


Glass XV. 


Class III. 


Class 11. 


Class I. 


Cable ft. 


Cabio.ft. 


Cubic ft. 


Cubic ft. 


Cubic ft. 


Group. 












20 


1,800 


1,400 


1,100 


800 


700 


30 


2,800 


2,300 


1,800 


1,400 


1,100 


40 


4,000 


3,300 


2,600 


2,100 


1,600 


50 


6,300 


4,400 


3,500 


2,600 


1,900 


60 


6,500 


5,400 


4,200 


3,200 


2,100 


70 


7,700 


6,300 


4,900 


3,500 


2,300 


80 


8,600 


7,000 


5,300 


3,900 


— 


90 


9,500 


7,500 


5,600 


4,000 


— 


100 


10,000 


7,900 


5,800 


_ 


— 


110 


10,600 


8,200 




_ 


— 


120 


10,900 


8,400 


•~~ 


"""" 





The following table of the yield of spruce of the 
best class was constructed by Baurf by the method of 
curves above described. He also gives four inferior 
classes. 

* HiXlfstafeln fur Forattaocatorerif p. 205. 
t Die MolzmesskundCf p. 255, 
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TABLB OF 


YIELDS PBB ACBB FOB SPBUOE : BEST CLASS. 






Cabio Contents. 


Age 


lleKu height 
of 






Wood in Log 


of 


Gronp. 


Wood in Log onlj. 


and other Wood, 




m 




inclading Branohei. 


Onmp. 








Feet. 


Cnbic feet. 


Cnbio feet. 


6 


1 




215 


10 


3 


72 


672 


16 


8 


601 


1,140 


20 


14 


1,001 


1,959 


25 


24 


1,616 


2,889 


30 


34 


2,604 


3,947 


35 


42 


3,232 


4,948 


40 


60 


4,276 


5,892 


45 


56 


6,234 


6,793 


60 


62 


6,078 


7,623 


55 


67 


6,807 


8,165 


60 


72 


7,465 


8,809 


65 


77 


8,108 


9,395 


70 


82 


8,680 


9,967 


75 


87 


9,252 


10,482 


80 


92 


9,824 


10,982 


85 


95 


10,386 - 


11,483 


90 


98 


10,897 


11,983 


95 


101 


11,397 


12,470 


100 


105 


11,898 


12,899 


105 


108 


12,341 


13,328 


110 


111 


12,427 


13,757 


115 


113 


13,085 


14,157 


120 


115 


13,442 


14,515 
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B. — ^Methods Involving Dumbtbe-Mbasuebmbnts of 

ALL Tbebs. 

III. — By means op Size-Classes (1) Involving 

THE Use op Sample-Teebs. 

If in a group of a model-forest, as defined in the 
first chapter, we were to cut down and measure one 
of the trees, we could obtain the cubic contents of the 
whole group by multiplying the contents of the 
measured tree by the number of trees composing the 
group, A tree used in this way to determine the 
contents of a group is called a models sample^ repre-^ 
sentative, or average tree, because it represents the 
average contents of one tree of the group. 

Groups with trees all of uniform growth are, of 
course, never met with. In actual practice it is neces- 
sary to find out an average tree amongst a number of 
trees of different heights and forms. Average-trees 
may be determined by various methods, of which the 
following are the principal : — 

(a). By felling one Sample^Tree for the whole Group. 

In this case the trees of a group are divided into 
classes according to their diameters or circumferences 
at breast-height (4^ feet). They are then measured 
at the same height firom the ground, and the diameter, 
or girth, of a tree of average size deduced from the 
result. Several trees of the diameter or girth thus 
obtained are felled and measured, and their average 
cubic contents determined. The cubic contents of the 
whole group is then found by multiplying the average 
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cubic .contents of a sample- tree by the number of trees 
in the group. 

This process may be carried out in the following 
manner, — 

For reasoDs already stated, it is, as a general jule, far better to 
measure the diameters instead of the girths of trees. We will, there- 
fore, assume for the future that diameters are always taken for thQ 
purpose of determining the basal areas of trees, and that all measure- 
ments are made at a height of 4^ feet from the ground, unless the 
contrary is expressly stated. 

The range of each diameter-class must first be fixed. 
The smaller the range the more accurate will be the 
resulting basal areas. Supposing that a quarter of an 
inch[^is fixed as the common difiference, then eighths 
of an inch would be neglected and rounded off to 
quarters. The classes would be 6^6^ inches, Q^-^^^^ 
inches, 6^ — 6f inches, &c. 

The measurements may be carried out in the 
following manner : — Two or more workmen provided 
with diameter-measures are drawn up in a line at a 
comer of the group to be measured and at right 
angles to one of the sides. Each one is accompanied 
by a man provided with a bark-blazer (see fig. p. 107) 
or with a pot of colouring matter and a brush. Be- 
hind the line stands a clerk, paper and pencil in hand, 
ready to note down the measurements of the front 
rank. The whole squad then moves in line from one 
end of the group to the other, the measurers mea- 
suring and calling out the kind and diameters of the 
trees as they advance, and the markers, or blazers> 
marking with paint, or blazing, as the case may be, 
the trees measured, in order that they may not be 
measured twice by mistake. Sometimes the measurers 
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mark the trees, when the special markers are, of 
course, not required. Arrived at the other end of the 
group, the squad wheels round and takes up a fresh 
bit of ground, proceeding in this way to and fro 
until the whole group has been examined. In very 
open forests of large trees it will often suffice to 
mark only the trees on the edge of the line. To 
make sure that measurements *are made at the proper 
height from the ground, a mark may be made on the 
chest of each measurer at the required height. 

The clerk notes down the results in the following 
form : — 



Diameter 
inches. 


Scots' 
Fine. 


Total. 
18 


Spruce. 


Total 
22 


Larcli. 

/// 


Total. 
3 


Eemarks. 


6-6i 


%!lf 


Vf 


Three 
beeches 


6i.6J 


&C. 




&0. 




&C. 




were 
included 


6Hi 














under 
Scots' 


7 














Pine. 


&c. 

















As soon as four trees of a class have been noted, 
the fifth is marked down by a dash across, thus : — /f^J 
This mode facilitates adding up results. Sometimes 
simply dots are used instead of strokes, and arranged 



in twenties, thus 



A far greater number can be got into the same space 
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in this way. When the trees have been all measured 
and booked, the number in each class is added up. 

The diameter of an average tree must then be 
determined. 

Let dif cl^i d^i d^ represent the diameters 

of each class respectively, %, ^2,713, n^ the 

number of trees in each class, respectively, and 

^19 ^9 ^3 ^» the areas of circles of diameters 

d^i, cZjj ^8 • • • • • ^n-* The average area (a) of all 
these circles will be found by the equation 

a = ^ ^1 + ^ ^ + » » » » + ^n^n 



% + W2 + • . • . -\- n^ 



n 



Here it is necessary to digress for a moment to 
explain the meaning of the term co-efficient of form. 
If trees were perfect cylinders, their contents would 
be determined by multiplying their basal areas by their 
heights. As is well known, the form of a tree is never 
that of a cylinder, and its contents will have to be found 
by multiplying the product of these two magnitudes by 
a constant which is called the formrcoefficient. If h is 
the height of a tree, a its basal area, / its co-efficient 
of form, c its cubic contents, then 

e = a X h X f . . . . (1) 



c 



and /=-^r (2) 

a X h 



The co-efficient may be for the whole tree (including 
branches), in which case it is called ifree-coefficient, or 
for the stem portion only, when it is called boh' 
coefficient. 

* If the diameter (cQ of a circle is given, its area ia v (-7- )^ = "7854 



126 Detei*mination of the Cubic Contents of 

The cubic contents of n trees would be, by the 
above formula — 

a X h X f X n. 

Therefore — to return to the formula for finding the 
average basal area of a number of trees of different 
diameters — ^their cubic contents will be 

Ol ^ /l Wi -f <»1 ^/t W> + . . . . -f ttn K/n w« 

or if Aj = A, = A^ = A 
^ («i /i Wi + Oa /a Wa 4- . . . . -f »„ /n w«). 

But the cubic contents of the group is also equal to 
the contents of the average-tree multiplied by the 
number of trees in the group. 

When h is the height, a the basal area, and/ the co-efficient, of the 
average-tree. 

If, now, we assume that the co-eflBcient of form is 
the same throughout as the average one, / — which, 
considering that the trees are all of the same height, 
is not an improbable contingency — we get 

»(% + «! + • • • • + »*n) = (Oi Wi + a, Wj -f- . . . -f On W«) 

a= ^^1 + Oj^a 4- ..... + a«Wn 



Wi 4- w» + V • ? + w„ 

The area of the circle corresponding to the average 
diameter being found, it is an easy matter to find the 
diameter corresponding to it. A number of trees of 
the same diameter are felled, the cubic contents of each 
determined, and the average taken as the contents of 
the sample-tree. The number of trees in the group 
multiplied by the cubic contents of the sample-tree 
gives the cubic contents of the group. 
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JSJxample, — Sapposing the trees of a group are meaaored and 
foand to contain 

1 00 trees of 1 in. diam . eacb ; with, therefore, basal area each of *5 45 sq. ft. 



200 ,, 


► lOJ 




f> 


)> 


•601 „ 


260 ,, 


• 11 




>f 


39 


•660 „ 


180 ,, 


. Hi 




n 


» 


•721 ., 


200 ,, 


► 12 




» 


» 


•785 „ 


UO „ 


, 12J 




99 


n 


•852 „ 


130 , 


► 13 




ff 


99 


•922 „ 



Inserting these values in the formula we get 

a=(100x -545 + 200 X -601 + 250 x -660+180 x -721 + 200 x -785 
+ 140 X -852 + 130 X •922)-4-(100+200+250+180+200+140 
+ 130) =865 -62 -7-1200= -721 sq. ft. 

This corresponds to a diameter of 11-5 inches.'^ 

A sufficient number of trees of the required dia- 
meter are then felled and measured. The boles are 
measured in lengths of not more than 10 feet. The 
diameter of the centre of each section is measured, and 
the contents of each length found by multiplying the 
corresponding area of a circle by the length of the 
piece. Amorphous pieces, such as crooked branches 
and spray, may be stacked, and their contents deduced 
from results previously obtained for the cubic contents 
of stacked wood of the same description ; or the con- 
tents may be calculated in the manner described at 
p. 98 for the determination of the contents of amor- 
phous wood. If more than one species occur in the 
group, each will have to be examined separately if 
largely represented. 

Another method of determining the contents of sec- 
tions is to treat each as a truncated paraboloid, whose 

* Calculations of this kind may be greatly shortened by using the 
tables in the last chapter. 
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contents may be estimated by the formula (M + N) —, 
when M and N represent the areas of the ends of the 
frustum and h its height ; the former method is^ how- 
ever, more simple, and just as accurate. 

(6). Method of determining the Contents of Groups by 
felling a Sample-tree for each Class. 

The method just considered is evidently applicable 
only to the case of groups in which the trees are all of 
about the same height and diameter. Should this not 
be the case, it is advisable to treat each class sepa- 
rately, or at all events to limit the number of classes 
for which one sample-tree is felled. It is usual to 
unite for this purpose 3 to 5 classes under one major 
class. The number thus united depends on the degree 
of irregularity of the group, and of accuracy required. 
Bach major class is treated as if it were a group apart, 
the sum of the contents of the several major classes 
constituting the yield of the whole group. 

^a»zmj9^6.—» Supposing it had been decided to convert the classes 
of the group, referred to in the last example, into two major-classes : 
the one comprising all trees of 10 — 11^ inches diameter, and the 
other those of 12 — 13. 

There would then be for the former major class : — 

100 trees of 10 in. diam. with a sum of basal areas of 54*5 sq. ft. 
200 „ lOJ „ „ „ 120-2 „ 

250 „ 11 „ „ „ 155-0 

180 „ Hi „ „ „ 129-78 



99 
91 



730 trees with total basal area of 469-48 



n 



469-48 
Therefore, the average basal area of one tree is — fonT = *643 

square feet, which corresponds to a diameter of 11 inches. The 
diameter of the sample-tree for the first m'ljor class is, therefore, 
11 incbea 
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The second major class would consist of 

200 trees of 12 in. diam. with a total basal area of 157*00 sq. ft. 
^ HO „ 12i „ „ „ 11928 „ 

130 „ 13 „ „ „ 119-86 „ 

470 396-14 „ 

396-14 
And the average basal area of a tree for it would be ^^q = -843 

square feet, which corresponds to a diameter of 12*5 inches. 

If the averages of the sample-trees felled contain, say, for the 
first class, 11*31 cubic feet, and for the second 12*9 cubic feet, then 
the contents of the whole group would be 

730 X 11-31 + 470 X 12-9=14319-3 cubic feet. 

In this example it is assumed that the group is unmixed. If it 
were mixed it might be necessary to estimate the yield of each 
species separately. 

It is advisable to fell a fixed percentage of sample- 
trees of each major class : :J to 1 per cent, will suflfico 
for ordinary purposes. The latter rate, in the above 
example, would give seven sample-trees for the first 
and five for the second. A larger relative number is 
sometimes taken for classes comprising the larger trees. 

In selecting sample-trees, trees should be chosen 
which appear to be representative of their class as 
regards height and crown, and which have a circular 
(not elliptical) trunk. If a suitable tree of exactly 
the required diameter is not to be found, another of 
nearly the same diameter may be taken instead, and 
the cubic contents of a proper sample-tree deduced 
from its volume. In that case, if V is the volume and 
d the diameter of the proper sample-tree, V and df 
the corresponding dimensions of the tree actually 
measured, V would be found by the proportion 
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"When h,ft and hf, f, represent the heights and form- 
coeflScients of the trees respectively. Since, how- 
ever, their heights and co-efficients must be very 
nearly alike, h, f, may be put equal to A', /', when the 
proportion becomes 

4 4 

Wlienw V: V :: d^ : d'^ 



when a and a are the basal areas of the trees, 
respectively. Therefore, 



= r 4 



The detaUs of the estimate may be tabulated in the 
following form : — 



Paitionlai 








Bl^cie. 


AgB 


Height to 


Mean 


Major 


Onbio 

oonteiita 






Feet. 


InolieB. 


InohOB. 


Feet. 


pine 


30 




30 


d 
11 






of on. 




12-5 
12-5 


J 


of oni 








and BO 


on for 


the rem 



id 



contents. 
Feet. 
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The percentage of timber and firewood is calculated 
on the average yield of the several sample-trees. For 
this reason, it is perhaps advisable to divide column / 
into two sections, the one showing the yield of timber, 
the other of firewood.* 

In order to avoid the necessity of estimating the 
trees of each class separately, the number of sample- 
trees for a class may be made to bear a fixed propor- 
tion to the number of trees in such class, t Supposing, 
for instance, that a imiform percentage, p, of sample- 
trees is taken : that the number of trees in the group 
is n^ and the number of trees in the several diameter 
classes %, ri^t %, &c., there wiU then be of sample- 
trees for each class : — 

Let us take, for example, a group consisting of the 
following trees : — 



Diameter- 
class. 

Inches. 


Number of 
trees. 


GorrespoiidiTig basal 
area of one tree. 

sq.ft. 


Sum of basal 
areas hxe. 

sq. ft. 


a 


b 


c 


d 


10 

lOi 

11 

12 

13 


100 
200 
250 
180 
200 
140 
130 


•545 
•601 
•661 
•721 

•785 
•882 
•992 


54-5 
120-2 
1650 
129-78 
157-00 
119-28 
119.86 


1200 


865-62 



* There seems to be no convenient English term equivalent to the 
French hois de trcnjail, or to the German NtUzhoh. The word tirnher 
is generally, I think, used as meanlDg large building-wood. We want 
a term which will Include wood used for any constructive purpose : 
such as for toys, cabinets, &q. Perhaps the term hg-vx>ody or v)ood 
in loffy might answer, in contradistinction to firewood, which is not 
sold in logs. 

t First proposed by Draudt in his Die JSrmiUhmg der Hohmassen. 

K 2 
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If, now, we fell 1 per cent., we shall require alto- 
gether ] 2 sample-trees, distributed among the classes 

as follows : — 

12 X 100 



For the class 10 inches - 



ff 



if 



19 



}) 



)> 



» 



lOJ 
11 

12 

13 



1200 

12 X 200 
1200 

12 X 260 
1200 

12 X 180 

1200 

12 X 200 
1200 

12 X 140 

1200 

12 X 130 

1200 



= 1 *0 sample-tree 



= 20 



= 2-5 



= 1-8 



= 2-0 



= 1-4 



= 1-3 



As we cannot examine fractions of sample-trees, it 
is necessary to round off these figures, a procedure 
which will make no practical difference in the general 
result. We shall then get 



For lO-inch class 


11 




Hi 

12 


1, 


13 





1 sample-tree 

2 

3 

2 

2 

1 

1 



99 
99 

n 

99 



12 



If we had not already the full complement of trees, 
we might, by forming the 12^ and 13-inch classes into 
one class, have made these classes together amount to 
2*7, which, when rounded off, would have given three 
trees for these two classes instead of only two. 
Having, however, got the fiiU number without doing 
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this, it is better not to increase the number in the 
present case. It is always advisable to resort to this 
device for completing the percentage whenever it can 
be conveniently accomplished. 

Having determined the diameters of the model-trees, 
in the manner already described, and selected corre- 
sponding trees in the group, we may determine their 
cubic contents, either by measuring them separately, 
as before, or all together. In the latter case, the por- 
tions of the trees which are disposed of in stacks are 
worked up all together into stacks, and their cubic 
contents deduced by one of the methods already 
described. One of the chief merits of Draudt's method 
is that it admits of aJl sample-trees being worked up 
together. 

The particulars of the estimate and measurements 
are then noted down in the following form : — 



1 


a" 


a? 




r 

Bq.ft. 


Sq.ft. 


S 

Fset. 




^ 


Timber. 


Fi«n.(»d. 

Cabioft. 


Total h+i. 
CobioK. 


a 


b 


c 


d 


e 


/ 


> 


h 


i 


k 


1 

2 
3 

4 
5 
6 

7 


10 

I? 


1 
2 
3 

2 

2 
1 
1 




545 
601 
660 
721 

785 
882 
922 


■545 
1'202 
1-980 
1-442 
1-570 
■882 
■922 


30 
34 

28 
29 
31 
33 
35 







9-87 
21-50 
2703 
17 84 
22-10 
10'88 
14^60 


1^63 

3 -80 
477 
3-16 
3 '90 
192 
2 40 


11-50 
25-30 
31-80 
2100 
26-00 
12-80 
17-00 



To find the contents of the group, let M represent 
its cubic contents, m that of the sample-trees, A the 
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sum of the basal areas of all trees in the group, a that 
of the sample-trees. We shall then have the pro- 
portion 

M: m :: A : a 

A 
and, therefore, M=z — m 

a 

In the present case 

A = 865-62 : a = 8-643 : m = U5-4. 

Therefore M=^^^ x 145-4 = 14784-6 

8-543 

or, if we wish to find the timber and firewood sepa- 
rately, the timber alone will amount to 

865-62 



8-543 

and the firewood to 

865-62 



X 123-82 = 12590-3 



X 21-58 = 2194-3 



8-543 

The correctness of Dr. Draudt's method is evident 
from the following considerations : — Supposing that 
all trees of a group are comprised in one class with 
one average tree, we would then have 

a 

But suppose that, instead of this one class, separate 
classes are constituted, namely, 

«! «2 <^ 

If, now, Til, Tia, ^3, &c., represent the number of trees 

of each class, respectively, ai, oj, as, &c., the basal 

areas of the average trees of each class, respectively, 

then wiU 

Aiszairtii A^=:a27Ui: A^ Ogifh^:^ 
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and, since the number of sample-trees is proportional 
to the nimiber of trees, 

O] = aiUjp : Oj = a^fhp : a, = a^i^ : Ac. 

Therefore 

Ai : Oi :: 1 : p; A^ : Og :: 1 : ;?/ ilg : a, :: 1^: p; &c. 
But A \ a =\ \ p 

Therefore :i = id} = :£? = i? = &a 

a Oj o^ Os 

And, sinoe M=> ^m, 

a 

a a a 

= — (^1 + ^ + ^ + <fec.) 
a 

and w = (wi + m2 + 7»8 + &c.) 

As already observed, one of the chief merits of 
Draudt's method is, that sample-trees can be worked 
up all together into stacks, whose contents may then 
be deduced from known results of the solid contents 
of stacked wood. When the contents of each tree 
have to be calculated separately, there will seldom be 
enough material in each single case to fill up standard 
stacks of the several descriptions of amorphous wood, 
and the laborious process of indirect measurement, 
described at page 96 will have to be resorted to, 
whereas, when there are a number of sample-trees, it 
will generally be possible by Draudt's method to get 
a sufficient quantity of stacked material of every de* 
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scription to make reliable quantitative deductions from 
previous experiments. Stacking the wood and de- 
ducing its contents from known results, is generally 
preferable to deducing the number of stacks from the 
solid contents of the wood, because, in the latter case, 
if the stack-coefficients are not accurately determined, 
the number of stacks actually obtainable from a group 
will not tally with the estimated number ; but the two 
will correspond if the converse method is followed, 
provided, of course, that the sample-trees represent 
the proper relative quantity of wood. 

A further advantage of this method is, that it shows 
the relative proportion of wood of all descriptions of a 
group, a factor on which the value of forests greatly 
depends. It is often not so much on quantity as on 
quality that the value of wood in a group depends ; 
and it is, therefore, very important to fix the quantity 
of each description as accurately as possible. 

Draudt's method may be advantageously employed 
for all systems of estimating the cubic contents of 
groups which require the felling of sample-trees, and 
the diameter-measurements of all trees on the area 
examined. 

(2). Methods of Determining the Contents of Groups 

by means of form- coefficients. 

As we already know, the contents of a tree may be 
found by multiplying together its height, basal area, 
and form-coefficient. 

Similarly, we may find the cubic contents (m) of 
a group by multiplying together its average height 
(^), the basal area of an average tree (a), the average 
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co-efficient of form (/), and the number of trees (n) ; 
that is 

Jf ^^ n • a, h , f» 

or if n . a . is put equal to A, 

M=A.h./. 

The sum of the basal areas may be determined by 
means of diameter-classes, in the way already de- 
scribed, and we shall then have 

The mean height of the group would be found by 
measuring the heights of all the trees, and dividing 
their sum by the number of trees, but this would, of 
course, be too laborious a process for actual practice. 
It is tisual, therefore, to assume that the trees— 
presumably all of about the same age— are all of the 
same form. We should in that case have 

Ah/ = /{ni Oi ^ + Wa Oj Aa + . . . + n^ a, ^„) 

Whence 

A = 3 

Here A =:Wiai-f7i,aa + ... + w„w„ 

Therefore h = '^/h ^ -^ "^ ^2 K + » « » + ^« «*» ^n 

ni Oj + Wj ttg 4- . . . + 7i„ a„ 

The above formula is the one generally used for 
this purpose, and that is the only reason for mention- 
ing it here, as it does not appear to be of any real 
value. If it be assumed that the forms and ages of 
all the trees are the same, it may also be taken for 
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granted that their heights are the same, and in that 
case we should have 

^ _ (% Oi 4- Wa Oa + +n^a^)h 

WiOi + Waaa + .,. + w„a^ 

which is equivalent to saying that the mean height is 
equal to the mean height, a fact which is certainly- 
true, but which, unfortunately, brings us no nearer a 
solution of the problem than we were at starting. 

If all the diameters of the trees in a group are to 
be measured, Draudt's is probably the best way of 
finding the height of the average tree; and when 
more than one sample-tree is felled, the sum of the 
cubic contents of all sample-trees, divided by their 
basal areas, will give the mean height. If his method 
is to be followed, we have in it the very best way of 
estimating the average height or co-efficient of a group, 
and do not need to look about for other means. 

When less accurate means will suffice, a number of 
trees of apparently average height may be measured, 
and their average height taken as a mean of the 
group. With regard to the question of accuracy, it 
should be remembered that the correct determination 
of heights is not nearly of so much importance as the 
correct determination of the diameters. A tree 18 
inches in diameter, with a co-efficient '5, and height 
of 70 feet, would contain 60*9 cubic feet. Supposing, 
now, that its diameter were wrongly estimated at 
18^ inches, but the height rightly estimated, its 
contents would then amount to 65*4 cubic feet. 
Supposing, again, that the diameter was correctly 
estimated, it would require an estimate of height 
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exceeding the actual height of the tree by 4 feet, 
for the contents to amount to 65'4 feet ; or an error 
in the measurement 96 times greater than in the 
former case. 

For most practical purposes in which this method 
is employed, the average co-efl&cient of form may be 
estimated by felling and measuring a few apparently 
average trees, or by inference from average results 
obtained under similar circumstances elsewhere. The 
latter method is preferable if applied to the valuation 
of a considerable number of trees, provided that the 
co-eflBcients were obtained on the average results of a 
great number of trees growing under similar con- 
ditions of age, height, and density. The felling 
of sample-trees is thus avoided, and much time 
saved. 

The method of co-eflBcients is a favourite one with 
some foresters ; but it is to be preferred to the pre- 
ceding methods only on account of its more rapid 
execution; in other respects it is far inferior to 
them. 

Konig's table of co-eflficients for Scots' pine and 
larch are given below. He gives five classes : 1. For 
sickly trees, growing up crowdedly, in poor stations. 

2. For tolerably dense groups, in good condition. 

3. For more open groups of trees, with good crowns, 
and long full boles. 4. For open groups ; trees with 
ftiUer crowns, more spreading, and more thickly 
branched. 
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Table of Go-efficients of Form for Scots^ Pine and 
Larchy exclusive of Branches (Konig).^ 



% t 










•g^H 


I. 


II. 


III. 


IV. 


W *S 










10 


0-491 


0-531 


0-590 


0-666 


20 


0-486 


0-526 


0-584 


0-660 


30 


0-481 


0-521 


0-579 


0-653 


40 


0-476 


0-516 


0-573 


0-646 


50 


0-471 


'0-511 


0-567 


0-640 


60 


0-467 


0-507 


0-562 


0-633 


70 


0-463 


0-503 


0-557 


0-627 


80 


0-458 


0-498 


0-552 


0-620 


90 


0-453 


0-493 


0-546 


0-613 


100 


0-449 


0-489 


0541 


0-607 


110 


0-445 


0-485 


0-536 


0-600 


120 


0-440 


0-480 


0-530 


0-594 


130 


0-435 


0-475 


0-525 


0-587 


140 


0-430 


0-470 


0-520 


0-580 



Method of Determining the Cubic Contents of Groups 
by means of Tables showing the Contents of each 
Tree, singly. 

In 1846, the Bavarian Government published 
tablest showing the contents of trees of the principal 
forest species according to their ages, heights, and 
diameters at 4^ feet from the ground. They were 

constructed with the object of avoiding the necessity 

— — .. — _, . 

* Forsttafeln zur AuamessfiMg Gehalts- und Werthschdtzung auf- 
bereUeter Holzer, <kc, 

f Maaaentafeln zur Beatimmung des InhcUis der vorzuglichsten 
teut8chen Waldbaume, <Ssc. 
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of felling and measuring sample-trees in order to 
estimate the contents of groups. 

These tables are based on the assumption that 
trees of the same height, diameter, and about the 
same age, will have the same co-efficient, and, con- 
sequently, the same cubic contents. 

The data for the preparation of the tables 
were collected from all parts of the kingdom of 
Bavaria. Altogether, 40,220 trees* were felled and 
measured, and the following particulars regarding 
each tree ascertained : — 

(1). The diameter, at 4^ feet from the ground, to 

lOths of an inch. 
(2). The length of the tree in feet to the tips of 

the highest branches. 
(3) . The age of the tree. 
(4). The cubic contents of the bole. 
(5). The cubic contents of the branches. 
(6). The whole contents of the tree (branches 

and bole together). 
(7). The product of basal area multiplied by 

height of tree. 
(8). The co-efficient of form. 
The boles were cubed in sections not exceeding 10 
feet in length, and treated as frustums of a paraboloid, 
the ends being treated as circles and their diameter 
determined to one tenth of an inch. 

The following plan was adopted in constructing the 
tables : — 

(1). Age-classes, comprising all trees from 1 — 30, 

* The details of the fellings are : Spruce 21,780 trees ; silver fir, 
4,500 ; Scots' pine, 4,280 ; larch, 590 ; beech, 3,710 ; oak, 2,490 ; 
birch, 2,870. Total, 40,220. 
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31 — 60, 61 — 90, &o., years old, were formed; also 
height-classes proceeding by differences of 10 feet, 
and diameter-classes by differences of one inch. For 
each of these diameter and height classes, the average 
co-efficient of form was calculated. Supposing, for 
instance, there were altogether three trees of the class 
" 1 — 30 years old, 20 — 30 feet high, and diameter 4 
inches,*' and that these trees had co-efficients of '6, '7 
and "5 respectively; the average co-efficient for all 
trees 1 — 30 years old, 20 — 30 feet high, and 4 inches 
in diameter, would be 

3 

(2) . If the co-efficients of two or more classes hap- 
pened to be about the same, their mean values were 
taken as those of each such class. 

(3) . The ratios of the co-efficients to one another 
were then compared, and any extremes or obvious 
irregularities corrected. This regulation was effected 
by the method of curves. 

(4). The contents of a tree of a given height and 
class was found by multiplying its corrected class- 
coefficient by its height and by its basal area. 
• As trees of the same diameter and height may differ 
considerably in age, separate sets of tables had to be 
constructed, viz., for trees aged, respectively, from 
1—30, 31—60, 61—90, 91—120, &c. 

It appears from the resultH of these experiments : — 
(1). That the relative values of the co-efficients of the species 
examined are, in descendiDg order : — 

1. Beech (highest). 

2. Oak. 

3. Silver Fir. 



Bavarian Tables. 



143 



4. Spraoe. 
5 Scots' Pine. 

6. LarcL 

7. Birch (lowest). 

(2). That the co-efficients of all species increase in magnitude with 
the age of the tree ; that the height and diameter of two trees of 
different ages being the same, but their ages different, the younger 
will have the smallest co-efficient. 

(3). That the ages being the same, increased diameter or height 
sometimes affects the co-efficient one way, sometimes another. 

In the case of oak and beech, the co-efficient varied in the same 
direction as the diameter ; with silver fir, larch, and spruce, the con- 
trary effect was observed ; while in the case of pine and birch no 
decided effect was perceptible. 

With relatively greater height, the coefficients became less with 
oak, beech, birch and pine ; whilst with larch, silver fir, and spruce, 
there was no perceptible increase. 

The tables are drawn up in the following form for 
each age-class : — 

Spruce 61 — 90 years old. 



1, 


Diameter inches. 1 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


etc. 


























Cubio contents, feet. 1 


20 


14 


1-9 


2-9 


• • • 


• • • 


• • • 


• • • 


• • • 


... 


• • • 


<&c. 


21 


1-5 


2-1 


3 












. 






22 


1-5 


2-3 


3-1 


















23 


1-6 


2-4 


3-2 


















24 


1-6 


2-5 


3-3 


















25 


1-7 


2-6 


3-4: 


4-6 


5-6 
e 


6-8 
tc. 
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and in the same way for other age-classes. In the case 
of some species, the figures give the contents of the 
whole tree, in others only the contents of the bole. 

Before using the tables to determine the contents of 
a group, it is of course necessary to determine approxi- 
mately its average age. This may be done by felling 
a few average-sized trees and counting the annual 
layers ; or, if the group is tolerably regular, it may in 
many cases be estimated by eye, or from stumps, as a 
considerable margin of error is admissible. 

The average height of the trees for each diameter- 
class must also be fixed.* To determine the height 
for a class, a few trees are selected of the required 
diameters, measured with the hypsometer, and their 
mean height taken as the height of the class. These 
mean heights for each class may then be represented 
graphically, and irregularities eliminated by curves in 
the manner already described. 

As the Bavarian tables were the result of averages 
obtained from fellings on a large scale in different parts 
of the kingdom, it follows that they should be used to 
estimate the cubic contents of trees only when a con- 
siderable number have to be measured. They cannot 
be relied upon in the case of single trees, but sur- 
prisingly accurate results have been invariably obtained 
by their use in estimating masses of forest. Before 
being issued to forest officials in Bavaria, they were 
thoroughly tested on 18,424 trees of all kinds,t 

* See also Section V., p. 148. 

t Namely, spruce 5,426, measaring 344,832 cubic feet ; silver fir 
4,483, measuring 349,924 cubic feet ; oak 2,028, measuring 162,336 
feet ; beech 1,743, measuring 74,496 feet; Scots' pine 1449, measur- 
ing 58,104 feet ; birch 2,741, measuring 28,800 ; larch 554, measur- 
ing 8,544 feet. 
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measuring 1,026,144 cubic feet. The maximum error 
was found to have been made in the case of spruce, 
for which the estimate amounted to 1'15 per cent, 
too much ; the minimum error was made in the esti- 
mate of Scots' pine, amounting to '32 per cent, too 
much. The mean error amounted to '017 per cent. 

Subsequent experiments on 18,000 other trees gave 
equally favourable results, and a mean error of '02 
per cent, for the whole series made in Bavaria. In 
Wiirtemberg, experiments on 1,340 trees of different 
kinds, measuring 52,278 cubic feet, gave a mean error 
of '003 per cent. 

Experiments carried out in Prussian forests, by 
order of Government, show a mean error of 1*8 per 
cent, in the contents of 70,546 trees of different kinds. 

Other experiments, equally favourable, have been 
made in the other parts of Germany, and there cannot 
be the slightest doubt that tables constructed on 
this principle are perfectly reliable for estimating the 
contents of groups, and that where very considerable 
numbers of trees are examined, no other method is 
likely to give as satisfactory results. 

The secret of this extraordinary applicability to 
various conditions no doubt lies in the system of 
classification adopted. Only trees of nearly the same 
height, diameter, and age were grouped together. In 
this way the principal factors on which the form of a 
tree depends were classified, so that only trees of the 
same form should come under the same set of tables.* 



* It would be interesting to know if these tables could be used to 
estimate the contents of groups in the Uoited Kingdom. I am con- 
fident that they would give results as satisfactory as those cited 
above. 

L 
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IV. — Pbessleb's Method of Estimating the Contents 

OE Standing Trees. 

Pressler has discovered a very simple method by 
means of which he proposes to measure the boles of 
standing trees.* His plan is to find that point of the 
stem at which the diameter is half that of the basal 
diameter. The solid contents of the tree, supposing 
that its shape is that of a paraboloid, will then be 
determined by multiplying the distance from the 
ground of the point thus found by half the basal area. 

To find the position of this point he has invented 
an instrument in the form of a telescope, a, a. 



e 



. ^ 






rp= 



L^ 



Vertical section of Fressler's instrument. 

are pins, which can be shortened or lengthened 
by turning the screws -4, A. The instrument can be 
lengthened and shortened in the same manner as an 
ordinary telescope. To use it the observer looks 
through the eye-piece, e, at the point of the tree just 
above the buttressed part of the trunk where the 
lower diameter is usually measured, arranging the 
screws so that the stem appears to occupy exactly the 
space between the points of the pins. The telescope is 
then drawn out to double its former length, again put to 
the eye, and the point of the tree at which the stem 

* Daa Gesetz der Stcmmibilckm^, &c. 
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appears to fit exactly between the two pins observed, 
and its height above the ground measured with a hypso- 
meter. If the instrument is accurate and the operation 
correctly performed, the diameter of the tree at the 
point thus found will be just half the basal diameter.* 

* Let B be the eye-pieoe ; AB the apparent diameter of an object 
FG^aa observed through the telescope when drawn out to a distance, 
E o. Without altering the position of the instrument^ advance the 
objective, A By to C D, bo that Bp =z2 Bo. Draw BB at right- 
angles to il ^ and C D. 






^,--'c, .----' 



^^B^-;:?:;; -^« 



H 



K 



G 



In the similar triangles, BAB^BFG^yro shall then have 

Bo _B K 

Tb^fg ^^^ 

and in the similar triangles, B G Dy B H L, 

C D _HL 
B p B K 

or since Bp = 2 Bo^ and AB ^ C D, 

AB _ HL 

2W0 " bT ^^) 

multiplying (1) by (2) we get 



FG 

or \ F G — E L. 

h 2 
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The practical value of this method has not been 
suflBciently investigated. So far as is yet known, it 
appears to give fairly accurate results, even with the 
instrument as at present constructed, which might be 
considerably improved, if made of brass and furnished 
with properly fitting screws, in place of the present 
pasteboard arrangement. Judeich found a mean error 
of — 1*08 per cent, in calculating the contents of 22 
spruce boles, and Schaal of —•28 for 300 stems, of 
which 250 were deciduous trees. 

An objection to employing the instrument is that 
the branches have to be estimated on average results 
of former cuttings, or by eye. A further objection is 
that the position of the half-diameter is not easy to 
determine, and sometimes, owing to the forking of the 
branches, cannot be determined at all ; and probably 
these are the reasons why it has not found favour with 
practical men. 

V. — Employment of Size-Classes and Height-Classes 
IN THE Determination op the Contents op Groups. 

It is seldom that groups are so regular that one 
height-class will suflBce. It is usual, therefore, in 
irregular forests, to have two or more height-classes. 
One of two plans may be adopted in determining 
the height-classes. Either one average height is 
determined for each or several diameter-classes, or 
the assessor when measuring the diameters estimates 
the height-classes to which the trees belong, and 
enters them accordingly in the field-book. 

By the former method, a few average-sized trees are 
selected, their heights measured, and the mean taken 
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as the height of all trees of the class. The heights so 
obtained may be recorded in the following form of 
field-book : — 



Diameter 
classes. 


Scotch Pine. 
Heights. 


Spmce. 
Heights. 


Larch. 
Heights. 


Inches. 


60 
feet. 


70 
feet. 

1 

111 

1 


80 
feet. 


Average 
feet. 


60 
feet. 


70 
feet. 

1 
1 


80 
feet. 


Average 
feet. 


70 


80 


90 


0) 

t. 

73 
85 


10-11 
11-12 
12-13 


nil 

11 


11 

1 
1 


67 
68 
75 


11 
1 


1 

1 
1 


70 
75 


11 


1 

1 


1 



The average heights may be represented graphically 
and irregularities eUminated if necessary. 

When the method adopted for determining the con- 
tents of the group involves the felling of sample-trees, 
as, for example, Draudt's method, the height of the 
sample- trees will be the best guide to tbe average 
heights of the diameter-classes to which they belong. 

By the second method the assessor, as already 
observed, estimates by eye the class to which a tree 
belongs when measuring the diameter. This is a 
fatiguing and troublesome operation, and two, or at 
most three, classes are as much as he can manage. 

The form of field-book given at page 124 will have 
to be altered in this case to the following, supposing 
there are two height-classes : — 
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1 


Scotch Pine. 


Spmoe. 


Laroh. 


1st 
height 


• 


2nd 
height 
cla«s. 


1 


1st 
height 
class. 


s 


2nd 
height 
dass. 


1 


1st 
height 
class. 


« 


height 
chws. 


• 


1 










• 















Average-stems of each class are then searched 
out and measured by one of the methods ahready 
described, and their means taken as the height of their 
respective classes. 

It will suffice in most cases if the height-classes 
have a range of 10 to 15 feet. This point, and the 
number of classes to be formed, will depend on the 
degree of irregularity of the forest and the accuracy 
required. As a rule, two, three, or at most four classes 
will suffice. As few as are compatible with the degree 
of accuracy required should be employed, as the labour 
of assessment is greatly enhanced by taking a large 
number. 

C. — ^Methods involving Diametee-Measubements of 

ONLY A POETION OF THE TeEES. 



VI. — By means of Sample- Aeeas. 

By this method, only a portion of the group or 
forest is measured, and the contents of the remainder 
deduced from the result. The methods employed in 
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estimating the contents of a portion of forest are the 
same as those already described for estimating the 
contents of whole groups. 

In choosing a sample-area, care must be taken to 
select a piece of forest which is representative of the 
whole. On hill-sides, for instance, it would not do to 
take the lowest-lying portion nor the highest; the 
estimate would probably be too high in one case and 
too low in the other ; the sample-area should be taken, 
as a general rule, somewhere between the two ex- 
tremes. A better plan, especially for 
large expanses of forest in which average 
portions cannot be easily determined, is 
to select several plots in various situa- 
tions. 

The most convenient shape for a plot 
is the square. It will often, however, 
be advisable to choose an elongated 
strip, in irregular forests ; if the plot is 
well chosen, that foim is generally more 
Hkely to enclose an average section of 
the forest. 

The right angles of the rectangle 
may be quickly fixed by means of the 
little instrument shown in the accom- 
panying figure. 

At the end of a staff, 4^ feet long, two brass arms, 
ab and cd at right-angles to each other, and with ends 
bent at right-angles to their lengths, are fixed. The 
centres of the upturned ends of the arms have slits, 
each containing a fine vertical wire. To use the 
instrument, it is set up vertically at a comer of the 
plot to be measured, and the wires of one arm, a&, 
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aligned in the direction of one side of the plot. The 
line joining the wires of the other arm is then, of 
course, pointing in a direction at right angles to a5, 
and by its means the adjacent side may be projected, 
and so on for the remaining sides. 

As a rule, not less than three-quarters of an acre 
should be taken as a sample-area. 

The cubic contents of the sample-plot and its area 
being known, the cubic contents of the whole group 
will be found by the proportion 

d : c = a' :a 

When c = the contents of the whole group, 
c = that of the plot, 
a = the area of the whole group, 
a = that of the plot. 

Whence c' = ?liL£ 



a 



The marking-off of sample-plots is a slower process 
than might be supposed, and it will often be possible 
to estimate the contents of a small group of known 
area as quickly as a plot of unknown area half its size. 

Choice op a Method. 

This will depend mainly on the degree of accuracy 
required, the value and kind of forest, and the time 
and staff available for the work. 

Practical men are agreed that the contents of 
exploitable groups, and those approaching exploit- 
ability should be determined with the greatest degree 
of accuracy circumstances admit. All groups, there- 
fore, which are within 15-20 years of maturity should 
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be carefully measured; for younger groups less 
accurate methods will suffice. For irregular seedling 
groups which are exploitable, or nearly so, it is 
desirable to adopt one of the methods involving the 
diameter-measurements of all trees with height-classes, 
and on Draudt's system, or tables constructed on the 
principle of the Bavarian tables may be used. Regular 
old groups, on the other hand, may be treated by less 
laborious methods; by dispensing with all but one 
height-class, or by the still more rapid process of 
sample-areas. 

The measurement of each tree may seem a very 
formidable affair at first sight. It must be remembered, 
however, that in old seedling-forest there are com- 
paratively few trees to the acre, and that three men 
— namely, two diameter-measurers and one clerk — can 
measure per diem, according to Kunze, the diameters 
of 5,000 to 6,000 mature trees when there are 250 to 
300 to the acre, or about 690 trees per working hour, 
provided the ground is clear of underwood.* 

The contents of younger groups may be calculated 
by the method of sample-areas, or by means of expe- 
riential tables. It is not possible to measure the 
youngest groups stem by stem, on account of their 
great density, and if there are no experimental data to 
go by, the best plan is to measure off small sample 
areas, to cut down and stack all the material on them, 
and to calculate the sohd contents of the yield on data 
obtained by the experimental testing of the solid 
contents bf stacked wood. These experiments may 



* Lehrhich der Holzmeaahunst^ p. 235. Hess and Baur arrived 
independently of each other, at much the same results as Kunze. 
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be made on the spot, or the results of former experi- 
ments may be utilized. 

This is also the best method of determining the 
contents of coppice, whose standing stock may 
generally be calculated from the mean yearly yield of 
the normal annual cutting. 

Overwood should, if possible, be estimated by means 
of height-classes, diameter-classes, and sample-trees 
for each class. 

6. Detbemination of the Average Age of Geoups. 

It is of great importance to determine this point 
correctly. If it is wrongly determined, the estimated 
mean yearly increment will be wrong, and consequently 
all calculations, such as the length of the revolution, 
the quality of the groups, stations, and age-classes 
which happen to be based on it, will also be wrong. 

In regular forests, that is to say, in groups in which 
the trees are all of about the same age and height, 
which will generally be the case in those which have 
originated artificially, it will suffice to fell and count 
the annual layers of one of the (larger) trees. In 
coppice it will often not be absolutely necessary to fell 
specially any trees, as, on account of the shortness of 
the revolution, the age can sometimes be determined 
with sufficient accuracy without resorting to fellings. 
Again, the age of Scots* pine and one or two other 
conifers can often be told by counting the number of 
branch-whorls. In those cases in which a record of 
the formation of a group has been kept its age will, of 
course, be most accurately fixed by such record. In 
estimating the age of felled trees by counting the 
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annual layers, an allowance must be made for the 
length of the stump. Before counting the layers it 
will generally be necessary to smooth the surface of 
the stump with a plane. If the layers do not even 
then stand out distinctly, an application of very 
diluted ink or (blue) starch and the use of a magni- 
fying glass may have the desired effect. The rings 
are counted in tens. As soon as ten have been 
counted, they are marked off with a pencil ; the next 
ten are treated in the same way, until the whole 
number are echeloned from centre to circumference. 
By this means mistakes of addition are easily avoided. 

In considering the case of an irregular group it 
must be borne in mind that the question to solve is, 
what the age of a regular group would be whose 
cubic contents are equal to the cubic contents of the 
irregular group imder examination. For thoroughly 
satisfactory determinations, therefore, it is necessary 
to estimate the cubic contents of the group. If 
Draudt's method is employed, the average age in the 
above sense will evidently be obtained by counting the 
annual layers of the sample-trees and dividing their 
sum by the number of such trees. By this method 
the determination of cubic contents is confined to the 
sample-trees. 

A method frequently employed is to estimate the 
mean yearly growth, and deduce from it the average 
age of the group. If A is the average age of a group, 
M its cubic contents, I its increment, the mean 
yearly increment will evidently be foimd by the 
equation 

A 
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From which we get A = —- 

Supposing, for example, that a group consists of a 
number of age-classes with cubic contents, mi, t/^, ms, 
&c., and ages, ni, 712, %» &c., respectively. The mean 

increment of each age class will be — ,— , — ?, re- 

% ^ W3 

spectively. But the mass of the whole group, if, is 

equal to mi + m, + ^sj &c. ; therefore, 

n^ 712 ^ 

Or il ~ ^ ^.^ + ^fi ^a ••>•• ^8 \sfs + <^^' 

<^i ^/i . «a/2 ^ . gs/s ^ . ^ 
1 + 1- &c. 

Wl W2 7*3 

When ^1, flaj ^3> &c., represent the basal areas of each 
class, respectively, /i, /a, /g, &c., the co-efl&cients, and 
and hiy A2, ^s, &c., the heights. * 

If the heights and co-efficients of all classes are 
alike — certainly not a very probable contingency — the 
formula becomes : 

Oi + Oa -f ^ + &c. 
ni rUi n^ 

7. Determination of the Inoeement op Groups. 

All methods of organization require a more or less 
accurate determination of the increment, as we shall 
see when we come to an examination of the different 
systems of determining the annual yield. 
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The increment of a group may be determined 

(1) by measuring the increment of sample-trees, 

(2) by experiential tables, (3) by means of tables 
constructed on the plan of the Bavarian tables. 

Determination by means of Sample-Tebes. 

The sample-tree, or trees, having been selected by 
one of the methods already described, we may find its 
growth during the past year by deducting the volume 
of the tree (without bark) as it was a year ago from 
its present volume. 

If, in the accompanying figure, ABE represents the 




present volume of a tree, abe its volume a year ago, 
the last year's growth will be equal to ABE —abe. 

The volume of ABE may be found by multiplying 
the area of the circle corresponding to its diameter at 
half the distance from its base, by its length, on the 
assumption that the tree is a paraboloid. Or if D 
represents the diameter at the centre of the tree, G 
the cubic contents of the tree, H its height. 



(7 = ;r (-V^ = '^^^^^ ^- ^• 



Similarly, if d represents the diameter of abe at 
half its length, and h its length, its volume will be 



?J A = -7854. e? . h. 



Therefore 



ABE ^abe=^ -7854. JJ^.E-- -7854 . d'.h. 
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When great accuracy is essential, the trunk may be 
divided into sections, and each one cubed separately. 

In the accompanying figure, each of the sections 
ABj BGj CD, may be regarded as the frustum of a 
paraboloid, and DE as a paraboloid. If the areas of 
the ends of a frustum are M and N, respectively, and its 
length n, its cubic contents will be | (M + JV), and the 
contents of each section may, therefore, be found by 
this formula. But a simpler and better plan is to 
measure the area of a circle corresponding to the 
diameter of the frustum at half its height. If M 
represents the area at that point, the contents of the 
fhistum "will he M X n. 



rrv- 



If the sections are aU of the same length, and the 
areas corresponding to their diameters at the centre 
are Jlfi, M^, &c., the contents of the whole tree will 
evidently be equal to n {M.^ + -Mi + &c.). The ter- 
minal section DE would in most cases not be equal 
in length to the others, in which case it would have 
to be estimated separately. The contents of ABE 
(see fig., p. 157) may be quickly found in this manner, 
but it is an extremely laborious process for finding 
the contents of abe, necessitating the cutting up of 
the tree into pieces at c^, da? &c., (fig. 2). 

The growth of one year is so small that it is very 
difl&cult to measure. For this reason, and in order to 
obtain a more average result, it is usual to measure 
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the growth of 10 or more years at once, and to take 
the mean as the current growth of a year. 

In order to find the length of the paraboloid, abe^ 
(see figure, p. 157), we must deduct eE from AE. 
If the diflTerence in age between ABE and abe is 10 
years, it will, for example, be necessary to deduct the 
growth in height of 10 years. This may be done by 
cutting off a portion of ABE representing the growth 
of 10 years. The exact length to be cut off cannot, of 
course, be hit upon at once. A portion estimated to 
be about the right length is sawn off ; but supposing 
we find, by counting the number of its annual layers, 
that this piece represents the growth of only seven 
years, it will be necessary to cut off a portion repre- 
senting the growth of three years more; another 
piece is, therefore, cut off, and so on, until the ftdl 
10 years' growth has been got rid of. The required 
diameter for estimating the contents of a6e would 
be found by sawing through the remaining portion 
of the trunk at the point o, at a distance fi:om 
its base equal to half its length. The diameter at o 
of abe will evidently be equal to the whole diameter, 
opi minus the breadth of 10 annual layers on either 
side of the disc. 

If D is found to be 1 foot : AE = 50 ft. :Ae = Uft. :d—ll 
inches : the increment for the 10 years will be 



•7854 X 1 X 50 - -7854 



>" \w) ^ ^* 



= 39-27 - 29-04 = 10-23 cubic feet. 

10-23 
The yearly increment is, therefore, —tk- = 1 '23 cubic feet. 



* The contents of trees measured in this way may be most con- 
veniently found by using the tables in the last chapter, in which the 
contents for any given diameter and height can be seen directly 
without calculation. 
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The rate of growth per cent, for the period is 

10-23 



29 04 



X 100 = 35-2. 



35 '2 
A^d the rate per cent, for one year is -jk ='3 -62. 

The result obtained in this way may be used to 
estimate future increment, but not for long periods as 
the rate of growth of trees, more particularly when 
young, may diverge more and more from year to year. 

Sometimes the past diameter-growth is measured, 
the future diameter deduced from the result, and the 
prospective contents of the tree calculated accordingly. 

If we take, for instance, a tree of the same dimensions as in the 
last example, there will be an estimated diameter-growth of 
12 — 11 = one inch, and a growth in height of 50 — 44 = 6 feet, 
for the next period of ten years. 

The future tree will, therefore, contain 

•7854 X (-^y X (50 + 6) = 51-62 feet, 

and the increment for the period will, therefore, be 51-62 ~ 39*27 
= 12*35 cubic feet. 

The rate per cent for the period will be — oqiPt — = 31*67 



39-27 



and for one year '-— _ — = 3*17. 

^ 10 



Another method is to take the average yearly 
growth of the tree. If c represents the cubic contents 

of a tree of age a, its mean yearly growth will be — . 

a 

For a tree fifty years old and measuring 9 cubic foot, the mean 

9 
yearly growth would be vvr = '18 cubic foot, and the growth per 

•18 X 100 
cent K = 2. 
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The plan generally followed in estimating this kind 
of increment is to take the mean yearly growth of 
exploitable trees or groups ; that is to say, if r is the 
length of the revolution, the mean yearly increment is 
found by dividing the contents of a tree or group r 
years old, by r. 

DeTBBMINATION OP THE INCREMENT BY MEANS OP 

Incbement-Tablbs. 

By this method experiential tables are drawn up 
(as already described), showing the increment of 
groups from year to year. Or it will suflBce, for all 
purposes, if the periodic increments from 5 to 5, or 
from 10 to 10, years, are shown, and the mean yearly 
growth during a period taken as the current (yearly) 
growth during such period. The class of a group 
being determined, if the area is fully stocked the yield 
per acre for any age will be seen directly in the table ; 
but if portions of it are not fuUy stocked a propor- 
tionate allowance must be made. 

Baur recommends* that the sum of the basal areas 
and the age and height of a group should be deter- 
mined and compared with that of the tables. The 
average height and age will, he thinks (for reasons 
already given in the section on experiential tables, 
p. 117), suflBce to indicate the class to which the group 
belongs. Then, if the sum of a group's basal areas 
per acre is equal to the sum of the basal areas of a 
tabular group of corresponding class , and height, it 
will have the yields per acre for all ages shown in the 

* ffobmesskunsif p. 480. 
M 
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tables ; otherwise a proportionate reduction must be 
made. 

Sappofling, for instanoey'a group belongs to the first dass^ and that 
it ought to have, judging from its height, and according to the tables, 
a yield per acre of 7,523 cubic feet with a sum of basal areas of 
150*46 square feet, but that we find it has a sum of basal areas of 
only 135 square feet. The contents of this group 50 years old would 
be found by the proportion 150*46 : 135 = 7,523 : x from which we 
find X = 6,750 cubic feet. This is 773 cubic feet, or 10*27 per cent, 
less than the quantity per acre shown in the table ; therefore, if we 
wish to know what the increment of the^ group will be between its 
present age, 50, and, say, 60, we look up in the tables the yield of 
a group of the same class 60 years old, deduct 10*27 per cent, and 
take 6,750 cubic feet from the remainder. If the yield per acre in 
the table for a group 60 years old is 8,809 cubic feet, the calculation 
will be as follows : — 

8809 X *8973-6750=7904— 6750=1154 cubic feet per acre, which 

is equivalent to an average annual increment of — 5-7r~"= ^^'^ 
cubic feet. 

It would be necessary for this purpose that the 
experiential tables should show the sum of the basal 
areas for different ages. These may be calculated by 
the method of curves in the same way as other 
elements of the tables. 

Determination op Increment by means of Tables 

ON THE PeINCIPLB OP THE BAVARIAN TABLES. 

If tables of this kind are available, the increment 
during a period may be estimated in the following 
manner. The increment in height and diameter for a 
given number of years, say 10, is calculated for each 
diameter-class by means of sample-trees. The height, 
age, and diameter of each sample-tree 10 years hence 
at the same rate of growth, is then known, and its 
future contents at that time can, therefore, be read 
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directly in the tables.* In the same way, its present 
contents may be estimated, and the increment during 
the period determined by deducting one result from 
the other. 

Choice of a Method. 

For old groups the usual method is to take, as the 
actual current growth, the mean yearly growth for the 
whole revolution fixed, or (if r is its length, and m the 
cubic contents of the group) y . The mean yearly 
growth is tolerably stationary and about equal to the 
current growth at this period, but at earlier stages it 
is less, and the diflference increases as we go back, 
so that for the youngest groups it is preferable to 
employ some other means, such as experiential tables. 
A great advantage of estimating increment by mean 
yearly growth is that it can generally be determined 
without special fellings, as the ordinary working of a 
forest will in nearly all cases furnish the necessary 
materials. If reliable experiential tables of the forest 
exist, the .increment may be determined by them for 
groups of all ages. 

In the case of young groups, except for general 
statistics of growth, it is not, as a rule, of much impor- 
tance to know the increment. 

Estimate of the Increment of Groups which are to be 
gradually cut down dv/ring a given period. 

In this case, it will suffice to take half of what the 
increment of the group would be if it were not touched 
during the period, on the assumption that an equal 
portion of the stock is removed every year. 

* These tables are described at p. 107. 

K 2 
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CHAPTER XVII. 

DETERMINATION OF THE YIELD OF THINNINGS AT 

DIFFERENT AGES OF GROUPS. 

The yields of thinnings at diflferent stages in the 
development of groups may be estimated from 
average results obtained in the forest under exami- 
nation, or in other forests under similar conditions. 
Failing this, some data are sure to be obtainable. 
When the standing stock is examined, sample- 
groups will be found which require thinning, and 
the amount of such thinnings should be estimated 
and booked separately. This can be done best by 
cutting out the proper quantity of thinnings and esti- 
mating the amount before the predominant portion of 
the group is taken in hand. By this means very 
reliable data are certainly not obtainable unless in- 
formation is forthcoming in regard to the former 
treatment of the group ; but a beginning will, at all 
events, have been made towards a regular system of 
statistics, provided that the results obtained in each 
case are recorded with reference to the particular 
group in which the thinning was carried out, and that 
the strength of the thinning and conditions of growth 
of the groups are also noted. If groups are thinned 
at tolerably regular intervals during the revolution, it 
will then be possible sooner or later to draw up as 
reliable experiential tables of the yield of thinnings q,§ 
circumstances allow. 



Yield of Thinnings. 



165 



The following tables constructed by Burckbardt* 
show the yields of thinnings from Scots' pine at 
different ages. They are based on the average results 
of extensive thinnings in different parts of the Province 
of Hanover. It is not stated if the forests in which 
the experiments were made had been previously 
thinned regularly, nor how they originated. The 
probability is that they had been severely thinned at 
irregular intervals of about ten years, after the 20th or 
30th year, and that they had originated from the 
planting of seedlings at 4 feet distances. 



YIELD PER ACRE OF SCOTS' PINE (THINNINGS). 






Station. 




Age. 








Good. 


Middling. 


Poor. 




Cabic feet. 


Cabic feet. 


Cubic feet. 


20-30 


474 


421 


316 


30-40 


439 


386 


281 


40-50 


386 


333 


246 


50-60 


351 


281 


175 


60-70 


316 


228 


123 


70-80 


281 


175 




80-90 
Total - - - 


263 




— 


2,510 


1,824 


1,141 


Mean Yearly 








Yield - 


28 


23 


16 



• HiUfstafehh p. 192. 
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CHAPTER XVIII. 

COLLECTION OP ADDITIONAL STATISTICS AND 
FOEMXJLATING RESULTS HITHERTO OBTAINED, 

Whilst the forest is being explored in the manner 
described in the last, and in the above portion of the 
present, section, notes should be made regarding the 
fiiture treatment of each group or compartment. 
Not that it is necessary to carry out the views 
expressed in the notes as to the Aiture management of 
any particular group, as modifications may have to be 
made when the group comes to be treated as part of a 
series, but in order to get a basis on which to form a 
general plan of operations. Particulars to notice are, 
for instance, when a change of species, owing to bad 
growth of the standing stock, or to other reasons, 
appears advisable. The best mode of regenerating 
fiToups or restocking blanks and wastes will also have 
to be noted, and improvements which appear necessary 
in regard to roads, rides, young growth (stopping, 
thinning. &c.), drainage, and so forth. 

Statistics of prices of all descriptions of principal 
and minor produce should also be collected, and 
inquiry made into the requirements of the population 
in the vicinity of the forest, its rights or privileges to 
take produce free, or on payment of royalties — a brief 
history, in fact, should be made out of the forest, 
including a statement of the tenure of the owner, of 
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the rights of others, and of its past treatment. A 
note should also be made of any lands of others, 
either inside, or outside, of the forest, which it would 
be desirable to acquire for forest purposes. 

In a forest which is being organized for the first 
time it will not often be possible to give returns of 
the past yields of groups separately, but records of 
the yield of the whole forest in timber, firewood, 
(thinnings separately), and minor produce for several 
years back will often be available, together with the 
receipts and expenditure. It will then be possible to 
fix with more or less certainty the average gross and 
nett value of the standard unit of measure for each 
species and for each description of produce, superior 
and inferior. 

Expenditxire is either general or special. The 
former includes aU outlay affecting the whole of the 
forest, such as surveys, rides, and roads ; the latter 
those which affect only parts of the forest, such as 
cutting and cultivation-expenses. 

The receipts and expenditure on account of different 
headings (cuttings, grazing, &c.) or sub-headings (log- 
wood, stacked wood, &c.) should be kept separate. 

Other points to observe are: — The principal 
markets, roads, or other means of transport (railways, 
rivers). Large industrial undertakings demanding a 
constant supply of produce, such as paper and saw- 
mills, mining and smelting-works ; price of labour, 
and whether it is abundant or diflSicult to procure 
when required ; fi^equency or comparative absence of 
forest crime; the temporary and permanent staff 
employed in guarding the forest and in carrying out 
forest operations. Any other useful information likely 
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to affect the working of the forest should be noted, 
and in any case in which improvements seem possible 
suggestions should be made accordingly. 

The general history and statistics are drawn up in a 
brief introductory report or statement. 

The more important data should be scheduled in 
the following statements : — 

1. Statement of Area. 

2. Statement of Groups. 

3. Statement of Age-Classes. 

4. Statement of Boundary-Marks. 

1. — Statement of Akea. 
This may be drawn up in the following form : — 
Detailed Statement of Area of Rook's Nest Range, 
consisting of 12003-05 acres, of which 11200*55 
are forest-land and 802'5 roads, rides, ponds, and 
unculturable waste. 
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2. — Statement op Groups. 

The following form may be used in this case, at 
least one page being given to each compartment. The 
unstocked area (taken up by rides, &c.) may be stated 
at the beginning or end. It will seldom be necessary 
to give the contents of young groups, or those which 
are not likely to be exploited during the first twenty 
years. This matter will depend in a great measure 
on the system of management adopted, as we shall 
see further on when examining the methods for de- 
termining the annual yield. When the entry can 
be dispensed with for young groups, it will sometimes 
be unnecessary to estimate their contents at all. It 
is not, however, easy to estimate the quality-class of a 
group unless its cubic contents are known, and if the 
contents have been estimated the figures should be 
entered here also. 



p 

HI 

H 
QQ 

^ -J 



8 

M 
OQ 

H 

Eh 
H 



o 
P^ 

Pi 
i^ 

o 
o 




I 







-isoo-qns 09 J 



*MM J9J 



^ GQ 

1 



I ^ 



1 I 



r 



I 

CO 



^ 



I 




o d ^ 
• 'fl 'c '5 

P* O OB 











•§;§ 






1^1 -sag 




£«. CD 

CO "^ 

** si 

fH 00 



o 

eo 



s 



00 



s 

o 



01 



ill 



.g 



OQ 






4s 



s 



.9. 






ll 



5: o 



CO o» 



CO O) 



B p, 



g" t; • «H fcg 



eo 



00 



00 



CO 



00 



W K 



l> M 



ua 



o 

kO 






p 



OQ 



I 



i 



'fnonqivduxoo-qng 



•i. 

p* 

CO 



o 



P4 

GQ 



I 

kO 



.g 



1 



& fr 



ud 



U9 



kO 

lb 



s s 



1> 

kO 

o 



o 
)b 









O tO « TS «k 



s 



Formulating Results. 171 

3. — Statement of Aqb-Classbs. 

The object of tliis statement is to show at a glance 
the area occupied by each age-olass of mixed and un- 
mixed groups. There should be a separate statement 
for each species occurring unmized and each mixed 
class of a forest ; and each serieEf of a range should 
have its separate tables. The quality-class of the 
groups should also be stated. 

Statement Showing the Age-Classes op the Fiest 
Sebies (Scots' Pihe) of Book's Nest Range 
in 1883. 











a 


1—20 

years. 


ai-« 
years. 


a»s 


Aores. 


Acres. 


i» 


TT 






i 


IV. 
TTT. 






d 


IV. 






7« 


1. 


10-45 




d 


1, 


5-13 




13 J 


111. 




13S 


Total ... 


16-88 


13-6 



4. — Statement of Botjndaey-Mabks. 

Besides being shown on the map, it ia well to have 
a register of boundary-marks, so that, in the event of 
any disappearing, the exact position in which thejr 
should be may be easily found. The foUowing tabular 
statement will sufEce for this : — 
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Statbkbnt op Botjndaey - Maeks in Rook's Nest 
Banqe in 1883. 



( On edge of 



It will often be possible to schedule other important 
matters, such as the past annual yields and average 
prices of different kinds of produce, which are more 
easily examined in a concise form. 
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SECTION IV -DETEEMINATION OF YIELD. 



CHAPTER XIX.— SERIES. 

As we have already seen, a range must sometimes be 
divided into more than one series. 

In selecting groups which are to belong to the same 
series, it is, in the first place, essential that they 
should be capable of being subjected to the same, or 
nearly the same, treatment. It would not do, for 
instance, except as a temporary arrangement, to have 
groups of different revolutions in the same series — 
an oak coppice, for example, in the same series as 
spruce. On the other hand, beech, spruce, and silver- 
fir groups might be ranged together under one series, 
as the same treatment and revolution might answer 
for all three. 

It is also desirable that groups of the same series 
should not be of very different qualities, because the 
most favourable revolution for a species growing in a 
very good station may be very different from that of 
the same species growing in a bad station ; and be- 
cause the yield, as we shall see further on, is rendered 
more fluctuating if the stations vary in quality than if 
they are tolerably uniform. 

It is further desirable that the groups composing a 
series shall not be very far apart, nor straggling in 
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small patches here and there, but consist of fairly- 
sized compact masses, not necessarily contiguous, but 
belonging, naturally and topographically, to the same 
tract of country. 

The first step, then, to be taken, is to decide the 
regime and revolution best suited to each group or 
species occurring in the range. Those to which the 
same treatment can be applied are then scheduled 
according to age-classes and the areas they occupy. 
With the assistance of a map and notes, a good 
general view of the situation is thus obtained, and 
the organiser is in the best position to decide how 
many series to have and what groups to select for 
each. 

It will often happen in the preliminary investigation 
that several groups have been united which do not 
take up an area sufficiently large to constitute a com- 
plete series having due regard to the annual coupes 
being of a proper size. In that case they will have 
to be divided amongst other series, or treated sepa- 
rately as incomplete series with periodical yields. 
Sometimes a group may be found — as, for example, 
when a protective group, treated by the primitive 
method, occurs in the midst of forest managed on 
a regular system — ^which cannot be made to fit into 
any series. In that case the group will have to be 
worked separately, and not as belonging to any series. 

Groups belonging to one series should always be 
separated from those of other series by natural or 
artificial boundaries, such as rivers, roads, and rides, 
in order that there may be no difficulty in the location 
of the cuttings of either series. 
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CHAPTER XX, 

METHODS OF DETERMINING THE ANNUAL YIELD OF 

FORESTS COMPOSED OF TOLERABLY 

REGULAR GROUPS • 

The principal methods may be summed up as 
follows : — 

1. Method of Compartments. 

2. Hartig's Method. 

3. The Combined Method. 

4. The Austrian Method. 

5. The Financial Method. 

Method of Compaetments. 

The honour of having made the first step towards 
a determination of the sustained yield of a forest is 
claimed by M. Parade for the French, and by 
Oberforstrath Judeich for the Germans.! According 
to the latter, the method of dividing the forest into as 
many equal compartments as there are years in the 
revolution had been in vogue in Germany long before 
the year 1685. 

Be that as it may, we know for certain that about 
the middle of the sixteenth century the plan of di- 

* '^ Tolerably regular groups " must here be understood as includ- 
ing all groups whose trees are sufficiently regular to admit of their 
being exploited at the same time. A very considerable degree of 
irregularity is, therefore, admissible. 

f Short histories of the development of the systematic determi- 
nation of the yield from the French and German points of view will 
be found in M. Nanquette's ^^Cours cTamhiagemefU dea/orHa " and 
Oberforstrath Judeich's Farateiwrichhmg. 
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viding forests into as many coupes as there are years 
in the revolution began to be generally recognised as 
a more rational system than the old plan of cutting 
out trees here, there, and everywhere, which rendered 
it impossible to determine the sustained yield, regu- 
late cuttings, or ensure the regeneration of the forest. 
The earliest form of this method consisted in 
marking off annual cuttings of the required size, and 
exploiting them one after another in each block, so as 
to obtain a good sequence of cuttings. It soon, how- 
ever, became apparent that, for seedling-forests with 
their long revolutions, it was quite unsuitable, and that, 
subject as they are to all sorts of disturbing influences, 
such as damage by snow, wind, and insects, it was 
impossible to fix what groups should be cut fifty or a 
hundred years hence. Another objection to it was 
that it necessitated great sacrifices, because young 
growth, as will be seen presently, had often to be cut 
long before it was exploitable, and old stock kept long 
standing uncut. At the present time, therefore, it has 
been generally abandoned in favour of more elastic 
methods ; but it still remains, under a modified form, 
on account of its simplicity, one of the best methods of 
exploitation applicable to coppice-forests, to which the 
above objections do not apply, or, at all events, apply 
only in a very limited degree. The annual yield, too, 
being in their case, area for area, so much smaller 
than in seedling-forests, differences of station affect 
the quantity of the cuttings in a much less degree than 
in forests with long revolutions, in which the annual 
yields, determined by the system of equal areas, may 
vary very greatly, thereby causing serious fluctuations 
of revenue. 
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By this, method, if A is the area of the forest, c that 
of the annual coupe, r the revolution, we shall have 

r 

or, if there is to be a fallow of n years, 

A 



c = 



r 4- w 

Sometimes the method of proportional coupes is 
adopted : that is, the area of the coupe is made in- 
versely proportional to its relative yield. 

Supposing, for example, that we have a series stocked 
with oak coppice, and consisting of the following com- 
partments, and that the revolution is 30 years. 

Compartment 1, of 50 acres, capable, it is esti- 
mated, of yielding in the thirtieth year 2,550 cubic 
feet per acre. 

Compartment 2, of 65 acres, capable of yielding 
2,040 cubic feet in the thirtieth year. 

Compartment 3, of 45 acres, capable of yielding 
1,730 cubic feet in the thirtieth year. 

We would then have a total production during a 
revolution of 

From No. 1 ... . 60 x 2550 = 127500 feet 

From No. 2 ... . 65 x 2040 = 132600 „ 

From No. 3 ... . 4o x 1730 = 77850 „ 



Total 337950 



The mean yearly production would, therefore, be 
for a complete series 

??I^ = 11265 cubic feet, 
30 

N 
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and the size of a coupe would be in 

Compartment 1 = 4*41 acr«8. 

^ 2550 

., 2 11215= 6.62 „ 

2040 

„ 3 ]}^= 6-61 „ 

1730 *' 

Another method is to make the area of the coupe 
inversely proportional to the estimated relatiye quality 
of the station. 

In the above example, for instance, if the quaHty of 
the best station, say No. 2, is taken as a standard of 
comparison, and represented by unity, of No. 1 by '9, 
and of No. 3 by "7, we should have 

65 acres giving each the fuU yield of 65 standard acres. 

^^ n gi^i^g 'd o^ ^^® ^^ yield, 

or the equivalent of only ... 45 „ 

45 acres giving *7 of the full yield, 
or the equivalent of only .,. 31*5 



Total equivalent to 141*5 



)f 



>i 



For a revolution of thirty years the coupe must, 
therefore, be equal to a standard coupe of 

QQ ■ = 4*72 acres, 

and in No. 1 compartment the size of the coupe would 
, 4-72 - O.I 

be = 5*24 acres, 

•9 

4'72 
in No 2 compartment — -. = 4*72 „ 

4*72 
and in No. 3 compartment _-- = 6*74 „ 



fl 



Method of Gompartments. 179 

Supposing the data of the estimate to be correct, 
the former method would give a uniform yield during 
the revolution, but would not bring about the ideal 
state at the end. This object would be attained by 
the latter method at the price of more or less irregular 
yields during the revolution. 

Of the two factors, station or standing stock, 
the latter is less difficult to estimate, and as it 
is generally a matter of importance to get uniform 
yields, the former plan is perhaps the better of the 
two. The plan, however, which is usually adopted, 
and which answers for all practical purposes in 
coppice-forest, is to consider the yearly coupe equal 
to ^; the cuttings in that case can be equalised, if 
necessary, by taking a little more here or a little less 
there, when it is found that the yield is above or 
below the average. 

Cottars Modification. 

By this method the compartments of a forest were 
assigned to affectations^ each one of which comprised 
the same number of coupes. Hence, the number of 
the latter, or, what amounted to the same thing, the 
number of compartments, in an affectation corre- 
sponded to the number of years required to work 
through an affectation, and this term of years was, 
therefore, called a period. A period in forests subject 
to a revolution of 60 years or more was to consist of 
20 to 30 years, but for those with shorter revolutions 
of 10. The whole forest area was divided into equal 
affectations, unless differences of station were very 
great, when a little more might be given to one and a 

N 2 
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little less to another ; but, as a general rule, Cotta 
considered that it was much more important to en- 
deavour to attain uniform coupes than uniform yields. 
If the area of a forest were, for example, 300 acres, 
its revolution 120, and a period 30 years, the annual 
coupe would be ?^ = 2^ acres, and an affectation 

30 X 2^ = 75 acres. If normal, the first affectation 
would consist of thirty compartments stocked with a 
series of groups from one to thirty years old ; the 
second affectation would consist of a similar series 

31 to 60, the third of a series 61 to 90, and the fourth 
of a series 91 to 120 years old. Each compartment 
was permanently allotted to a certain affectation, 
and the greatest stress was laid on the importance of 
having a regular sequence of cuttings. 

Cotta's method was an improvement on the previous 
method to the extent that it afforded a certain amount 
of freedom in the allotment of compartments to 
affectations. Its superiority was, however, more 
apparent than real, because it still insisted on the 
cuttings in each block following in regular order one 
behind the other. For forests in which the age-classes 
are in perfect harmony with such a system there may 
be little objection to its adoption; but it is a very 
different matter when the method comes to be applied 
to forests in which the age-classes are scattered over 
the forest without order, old groups occurring perhaps 
in every affectation. The result is, then, that groups 
with little or no increment in value have to be left 
standing whilst vigorous young groups are being 
sacrificed in order that a regular sequence of coupes 
and arrangement of age-classes may be attained. 
When, therefore, this method came to be applied it 
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was found that, although a good sequence of age- 
classes might be ultimately attained, there was scarcely 
less diflficulty than before in allotting compartments 
advantageously ; that when a few had been marked 
off the remainder had to follow in a certain sequence, 
in order that danger to the standing stock* might not 
ensue. If, for instance, cuttings were carried on at 
the same time in two or more adjoining compartments, 
there might be danger of their causing together too 
great an opening in the forest, and thereby exposing 
the surrounding standing stock to danger from wind, 
besides giving rise to other risks consequent on 
having coupes which were too large. 

Supposing, for example, that the accompanying 



Storm. 




figure represents a pine-forest in the plains, that the 
stormy quarter is to the west, and that the cuttings 
run from east to west. The compartments 1,2, 8, 
&c., may be apportioned on Cotta's plan to the 
affectations I., II., III., and IV. (if there are four 
periods in the revolution) in the manner shown in the 
diagram. It would not do with this arrangement of 
the other compartments to put No. 6 into the first or 
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third affectation, as that would necessitate a double 
breadth of coupe ; nor would it do to put any two 
or more contiguous compartments of a block, e.g., 
1, 2, 3, 4, or 5, into the same affectation. As soon, 
therefore, as a certain number of compartments has 
been assigned to affectations the others must follow 
in an order which is more or less independent of all 
requirements other than those of a good sequence. 

There is, however, no absolute necessity of rigidly 
following this plan, and, in the following example of 
the method of compartments, we will therefore adopt 
the modem system of cutting the oldest groups first, 
whenever possible, by which means losses are reduced 
to a minimum. 



Example of the Determination of the Annual Yield by 

the Method of Compartments. 

The accompanying sketch-map represents the plan 



Stotyrtf 
Quarter 




of a small beech and oak seedling-forest of ninety 
acres, which is to be converted into oak coppice with 
a revolution of thirty years. 
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The area is divided into six compartmentSi of 'fifteen 
acres each, containing the following groups :— 

la, 14 acres, group 25 years old. 



16, 1 


>i 


99 


5 


99 


2a, 10 


» 


99 


15 


99 


26, 5 


a 


99 


5 


n 


3 ,15 


99 


99 


35 


99 


4,15 


J9 


99 


35 


99 


5a, 10 


99 


99 


27 


99 


6, 5 


99 


99 


15 


99 


^a, 9 


99 


99 


5 


99 


6, 6 


99 


99 


81 


99 



It is found from records that the average pro- 
duction of the forest per acre has been the following 
during the last fifteen years : — 

Yield Per Aobb. 



Age of group. 


Cubic contents, 
feet. 


Average yearly 
growth, feet. 


15 


725 


48 


20 
25 
30 


1,300 
1,750 
2,100 


65 
70 
70 


35 


2,380 


68 


40 


2,600 


65 


45 


2,880 


64 



The annual coupes will amount to ^ = 3 acres. 

There will be three periods of ten years each, and 
three affectations of 3 X 10 = 30 acres each. 
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The stormy quarter being on the left, the cuttings 
should progress from right to left. 

The compartments best suited for the first affec- 
tation, havings regard to the age of the groups they 
contain, are numbers 3 and 4, of 15 acres each, Tvith 
groups 35 years old. As the adjacent groups in 2ti 
and 5fc are only 15 years old, there appears to be no 
objection to exposing these by cutting away the older 
groups in front of them. We should then have the 
following yield and coupes for the first affectation : — 



* 

o 


h 
h 


til 


III 

ill 


11 


ij 


l|i 


I* 


i 


35 


40 


16 


8,600 


39,000\ 


78,000 


7,800 



At the end of the first period the oldest groups 
remaining will be 

6J, of 6 acres, with group 41 yeara old, 
5a, of 10 „ „ •i^ „ 

la, of 14 „ „ 35 „ 

The groups in &a, behind 6i, being only fifteen 
years old, there is no objection to the older group 
being cut. la may evidently be cut, and after the 
removal of 65, 5a may also be cut. For the second 
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affectation we would then have the following yield and 
coupes : — 



• 

1 

i 


ge of group 
at beginning 
of the period. 


verage age of 
group at time 
of cutting. 


• 
00 

t 
g 

o 

03 
S 


i 

s. 


Total 
Yield. 


ield of affec- 
tation, 1898- 
1902. 


verage an- 
nual ' yield 
per annum. 


o 


<1 


-«1 


< 


X 




PH 


< 








Acres. 


Feet, 




Cubic ft. 


Feet. 


66 


41 


46 


6 


2,944 


17,664 


• • • 


. . • 


5a 


37 


42 


10 


2,730 


27,300 


81,364 


8,136 


la 


35 


40 


14 


2,600 


36,400 


• • • 


• • • 



For the third period we would have remaining 

26, of 5 acres, with group 25 years old. 
2a, of 10 „ „ 35 

56, of 5 ,, „ 35 

Qa, of 9 „ „ 25 

16, of 1 „ „ 25 

These might be worked in the order named, with- 
out any danger to standing stock. The yield would 
then be 



9f 



)> 



)9 



J1 





a bo 


«H © 


OD 






.', 1 


.» 1 


1 

t 


ge of grou 
at beginninj 
of period. 


verage age o 
group at tim 
of cutting. 


© 

§ 

© 

03 

s 


1 

-© 


Total 
Yield. 


ield of a,ffec 
tation 1903 
1912. 


verage yiel 
per annum. 


o 


< 


< 


< 


p 




H 


^ 








Acres. 


Feet. 






Feet. 


26 


25 


30 


5 


2,100 


10,500 


• • • 


• f • 


2a 


35 


40 


10 


2,600 


26,000 


... 


• * • 


56 


35 


40 


5 


2,600 


13,000 


70,500 


7,050 


6a 


25 


30 


9 


2,100 


18,900 


• • • 


• • • 


16 


25 


30 


1 


2,100 


2,100 


• « • 


• • • 
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At the end of the revolution the oldest group 
would be thirty years of age, and the average age of 
the groups in the first affectation would be twenty- 
five years. During the next revolution, therefore, 
the Bub-eomparfcments might be got rid of, if desired, 
without much loss; ten acres stocked with groups 
averaging twenty years of age instead of thirty would 
have to be entered in the first period ; on the other 
hand, two-thirds of the groups in five, occupying ten 
acres, would have to be cut at an average age of forty 
years. Supposing the relative production to be the 
same as before, the yield for the second revolution 
would then be : — 



1 




1 


^1 


}| 


J 
1 


1 
3 


1 


i 
t 


5 




"Sni 




^1 


1 


■I 


•s 


E. 


u 


/I 


■5i 


1^ 


3 




1 


1 


M 


3 
4 


25 
25 


so 

30 


15 
15 


2,100 
2,100 


31,500 
31,500 


1 63,000 


6,300 


( 


1« 


25 


30 


U 


2,100 


29,400 


1 




n. 


i 


15 
15 


20 
20 


1 
9 


1,300 

1,300 


1,300 

11,700 


V 56,000 


5,500 


( 


I 


26 


30 


6 


2,100 


12,600 


) 




m.| 


Ba 


36 


40 


10 


2,600 


26,000 


> 68,000 




S 


25 


30 


5 


2,100. 


10,500 


6,800 



The yield after the second revolution would then be 
uniform for each affectation, namely, 63,000 cubic feet, 
yielding an annual income of 6,300 cubic feet. 
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If it was thought desirable to equalise the estimated yields of the 
II. and III. periods during the first revolution, that might be accom- 
plished by taking 2^ acres of 5a into the first affectation, the yield 
for the second period would then be 62,000 cubic feet, with an 
annual cutting of 6,200 ; and the cuttings during the third period 
would amount to 61,000 feet, equal to an annual yield of 6,100 feet. 
This would, however, be a departure in the direction of the combined 
method, and inadmissible by this one. 

The coupes are shown in affectations in the above 
example, but it is not necessary to have these for the 
coppice-regime. Both affectations and periods can 
well be dispensed with when the area is the sole 
regulator of the annual cutting. The coppice-regime 
was chosen because it is, as we have already seen, the 
only one at all suited to the method of compartments. 

Haetig's Method. 

In the year 1795 G. L. Hartig published a method* 
of estimating the yield, based on the quantity of stand- 
ing stock in the forest, without reference to its area. 

His method consisted in estimating the contents 
and increment of the whole forest, dividing the re- 
volution into periods, and so arranging the cuttings 
that the same quantity of estimated material should 
be cut in each period. 

The accompanying diagram represents the plan of 
a seedling-forest, on tolerably level ground, and of 
uniform productivity. It is divided, as seen in the 
plan, into nine compartments of nearly equal area, 
aggregating 442 acres. The species, constituting 
immixed groups of pine and mixed groups of 
gilver fir and beech, are, we will suppose, capable of 

* Anweisung »ur Taxation der Forste, 
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yielding the returns per acre, at different ages, shown 
in the tables given below. The compartments are all 
fully stocked. The revolution most suitable to the 
object of the proprietor is 60 years for the pine 
groups and 120 for the mixed groups. 
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Statement op Groups. 



1. — Beech and Silver Fir. 



la, 40 acres with group 65 years old. 



2a, 


25 


,f 


n 


30 


„ 


ft, 


25 


), 


»> 


60 


)) 


3a, 


25 


*, 


»> 


90 


), 


36, 


5 


)) 


blank 


pond 


>> 


46, 


8 


,> 


with groap 


15 


99 


5a, 


47 


99 


» 


110 


» 


6a, 


28 


)9 


,> 


80 


>, 


c, 


12 


99 


» 


40 


»» 


9d, 


7 


99 


)» 


90 


•) 



222 









2.- 


—Pine. 






16, 


10 


apre?, 


with group 


15 y( 


san 


26, 


5 


u 




» 


80- 


„ 


li 1 


20 


»» 




}, 


5 


„ 


4a, 


32 


„ 




9, 


30 


If 


56, 


3 


» 




» 


90 


), 


66, 


10 


J» 




,1 


15 


„ 


7a, 


18 


„ 




,1 


5 


,, 


76, 


17 


» 




,» 


60 


„ 


c, 


12 


1, 




„ 


5 


J, 


8, 


50 


„ 




J, 


70 


), 


9a, 


30 


„ 




,» 


40 


„ 


ft, 


5 


1, 




„ blank 


), 


<J, 


8 


» 




„ 


50 


,» 
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Statbmbi^ts op Yields per Acre. 



SiLVKK Fib and Biech. 


FnfB. 


Age of 
group. 


Cubic 
contents. 

F«et. 


Mean 

yearly 

growth. 

h 

a 


Age of 
group. 


Cubic 
contents. 

Feet. 


Mean 

yearly 

growth. 

Feet. 


a 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 


h 

680 
1,430 
2,380 
3,400 
4,590 
5,610 
6,460 
7,310 
7,990 
8,670 
9,180 
9,520 
9,860 
10,050 


C 

34 

48 
60 
68 
77 
80 
81 
81 
80 
79 
77 
73 
70 
67 


20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 


1,400 

2,300 

3,300 

4,400 

5,400 

6,300 

7,000 . 

7,500 

7,900 

8,200 

8,400 


70 

77 
83 
88 
90 
90 
88 
83 
. 79 
75 
70 



Two series will suffice, one for the silver fir and 
beech with a revolution of 120 years, and the other 
for the pines with a revolution of 60 years. 

To begin with the former series, the first step to 
take is to find out the present quantity of the standing 
stock. Taking the oldest groups first, there will be 
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Sub- 

oompart- 

xnent. 


Area 
aoreB. 


Age of 
grronp. 


Onbio 

oontenta per 

acre. 

Feet. 


Total 

oontenta of 

gronp. 


Mean yearly 
growth. 
e 

c 


a 

5a 
9d 
6a 
la 
2b 

66 

2a 
3a 
46 


6 
47 

7 
28 
40 

25 . 
12 
25 
25 

8 


C 

110 
90 
80 
65 
60 
40 
30 
20 
15 


d 

8,670 
7,310 
6,460 
5,100 
4,590 
2,380 
1,430 
680 
510 


e 

407,490 

51,170 

180,880 

204,000 

114,750 

28,560 

35,750 

17,000 

4,080 


f 

3,704 

569 

2,261 

3,138 

1,913 

714 

1,192 

850 

272 


Total... 


217 


. • . 


• • • 


1,043,680 


14,613 



The contents of the groups Ba and 46 are found 
approximately by deducting five years' mean growth 
firom the yield shown in the tables for a group twenty 
years old. 

The total contents of the forest being about 
1,044,000 cubic feet, and the revolution 120 years, 
we should be able to cut annually about ^-2^ = 8,700 

cubic feet, plus the increment on the stock during 
each successive year. This increment, if the forest is 
to be exploited regularly, would, we may assume, 
decrease in an arithmetical ratio, and the quantity 
available during the revolution would, therefore, be 
(0 + 14,613) i|? = 876,780 cubic feet, giving an aver- 
age annual yield of 22^ = 7,307 cubic feet. Under 
these circumstances, the annual yield of the forest 
during the first revolution would be 8,700 + 7,307 = 
16,007 cubic feet. The yield for a period would be 
twenty times this amount, or 320,140 cubic feet. 
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We might, therefore, start to determine the amioal 
yield at the above rate of consumption. K, as is 
highly probable, it turned out wrong, we should have 
to try again and again, imtil, by a lucky chance, we 
hit upon something like the following arrangement, 
which gives a practically uniform yield for each 
period. 




o 2« 

< 3 



i ^' 



I. 



IL 






III. I 



IV 



V. 



VL 



I 
1 



6a 
26 
26 
2a 
2a 
la 
la 
3a 
46 



S 



5a I 34 

ba • 13 
9d\ 7 
6c : 12 
6a , 6 



22 
12 
13 
231 

1 
31J 

9 
25 

8 



' ? ? . 



I 






no 

I 130 
110 
60 
• 100 
! 120 



100 
120 
90 
110 
120 
140 
120 
115 



S" o • 
• S c 

si- 



120 
140 
120 
70 
110 
130 
110 
130 
100 
120 
130 
150 
130 
125 



Cnbic 
cofntenta 
per acre. 

Feet. 



9,180 
9,860 
9,180 
5,610 
8,670 
9,520 
8,670 
9,520 
7,990 
9,180 
9,520 
10,050 
9,520 
9,350 



ToUI onbic 
. oofktents 
yielded. 

Feet. 



312,120 

128,180 

64,260 

67,320 

52,020 

209,440 

104,040 

123,760 

187,765 

13,770 

297,500 

97,988 

238,000 

74,800 



Contents 

of 

affectation. 



312,120 
311,780 

313,480 
311,525 
3li,270 

312,800 



annnal 
yield. 



15,606 
15,589 

15,674 
15,576 
15,564 

15,640 



In explanation of the above arrangement, the 
foUowing remarks may appear necessary :- 

There is evidently no objection to exploiting thirty- 
four acres of 5a during the first period. 

In the second period, there will be no objection to 
cutting the remainder of 5a and also 9d; but the 
next on the list, 6a, cannot be cut until 6c has been 
removed, as it would never do to suddenly expose 
this group at the age of sixty to the full force of 
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the storm. We must, therefore, sacrifice it, or pass 
on to another block. On the whole, it appears better 
to continue the sequence, as there would be difficulty 
later on in getting out the group in 6c on account of 
the younger group in ba ; and it is, moreover, im- 
peratively necessary to exploit 6a soon, as that group 
has already reached the age of 100 to 120 years. 
Accordingly, we put down 6c and part of 6a in the 
second affectation, proceeding first of all to clear 
away a safety-path in 6a thirty feet broad on the 
border of 56, so as to prepare the young pines in 66 
for exposure when the group in front of them is cut. 

For the third period, the remainder of 6a may be 
entered, although it is, generally speaking, not at all 
desirable to have so many cuttings following each 
other every year one behind the other ; * it might, 
therefore, have been preferable to postpone cuttings 
in 6a (with the exception of the protective clearing) 
until the third period. How a point of this kind is 
decided depends on circumstances, such as the lie of 
the ground, whether hilly or flat, the demands of 
different markets, mode of regeneration, climate as 
affecting regeneration and in regard to storms, 
occurrence or absence of dangerous insects, &c. We 
will suppose that it is decided to leave things as at 
first arranged. We shall then have the remainder of 
6a in the third affectation, and may make up the rest 
fi-om 26. la is the next on the list, but it protects 
the pines fifty-five years old (unless they have been 

''^ I am aware that opinions in regard to this matter differ con- 
siderably; the opposite view is generdly adopted in France. There 
are advantages and disadvantages in either case, and no hard-and-fast 
role can be laid down. 
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out) in Iby and is also immediately in front of the 
beeches seventy years old in 2a, which is only sepa- 
rated from it by a narrow minor ride. It is, therefore, 
better to take 2b first, more particularly as it will be 
fully 110 years old before being cut. 

In the fourth period we may enter the remainder of 

^N 26 and part of 2a. 

I In the fifth, period the remaining portion of la will 
be cut, and, provided that the arrangement of the 
cuttings in the pine series will admit of it, 3a and 4b. 
These two are, therefore, entered provisionally. 

We should thus have a plan of cuttings in which 
the periodical returns are pretty evenly balanced, and 
which could be carried out without much loss to the 
proprietor, the only very immature group which is to 
be cut being 6c ; all the others are of about the 
proper age. But, supposing that it had been neces- 
sary to sacrifice a number of immature groups, the 
prospect would have been a very dijfferent one, and 
serious inconvenience have resulted if it was in- 
tended to regenerate the forest in the natural way by 
seed, not to' mention the loss of revenue. Hartig 
relied on making up for irregularities in the age of 
groups by means of thinnings, retarding the cutting 
of immature groups by increased thinnings, and 
pushing on the exploitation of over-mature groups by 
reducing thinnings. But there are many forests in 
which thinnings are mostly removed by right-holders, 
and are, therefore, not available for this purpose ; and 
others, again, in which the thinnings, except of the 
oldest groups, have no value, and cannot, therefore, 
be considered. As regards forests generally, it must 
be remembered that thinnings are the result of 
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sylvicultural measures which cannot well be post- 
poned, or anticipated, without damage to the standing 
stock; but,.- apart from these considerations, it 
appears extremely improbable that deficiencies could 
always be made good in this way. 

Turning now to the pine-series, we find that the 
following are the particulars of the groups of this 
series :— 



Sub- 
compart- 
ment. 


Area, 
acres. 


Age of 
group. 


Cubic 
contents 
per acre. 


Total cubic 

contents of 

group. 


Mean yearly 
growth. 


56 

26 

8 

76 

9c 

9a 

ia 

16 

66 

7a 

3c 

7c 

96 


3 

5 
50 
17 

8 
30 
32 
10 
10 
18 
20 
12 

5 


90 

80 

70 

60 

. 50 

40 

30 

15 

15 

5 

5 

5 




7,500 
7,000 
6,300 
5,400 

4,4oa 

3,300 
2,300 
1,050 
1,050 


22,500 
35,000 
315,000 
91,800. 
35,200 
99,000 
73,600 
10,500 
10,500 


250 

438 

4,500 

1,530 

704 

2,475 

2,453 

700 

700 




220 




■ 


693,100 


13,750 



If we add together, as before, the average yield of 
693,100 cubic feet for sixty years, op ?^ = 11,552 
cubic feet and half the present increment, namely, 
6,875 feet, we get an annual yield of 18,427 feet ; or 
368,540 cubic feet for each of the three periods of 
twenty years. Accordingly, not having a better 
guide, we proceed to try if about 368,000 feet for 
each period will give a tolerably uniform yield, but 

2 
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fiad that it is mncb less than the capability, and are 
obliged to try again and again, until we hit upon the 
right quantity. It is useless to go through all these 
failures in detail ; we will, therefore, begin at onoe 
with a peiiodical yield of about 4-50,000 feet, which 
will be found to be about the right quantitf. 



II 


* 


i 


o.'S 


1 


Cubic 


roulonbio 


Contents 


Ararago 


IS. 


■o 


OOIlt«Dti 


oontSDU 


of 


BDllDBl 


Il 




pet««ro. 


7i«lded. 




yield. 


I 


S& 


3 


90 


100 


7,900 


23,700 


\ 




A 


2i 

8 


5 
50 


80 
70 


90 
60 


7,600 
7,000 


37,500 
350,000 


\ 449,000 


22.450 


( 


76 


6 


60 


70 


6,300 


37,800 


J 




c 


lb 


11 


80 


90 


7,500 


82,600 






„.{ 


9c 
9a 


8 
30 


70 
60 


SO- 
TO 


7,000 
6,300 


66,000 
189,000 


I 449,000 


22,450 


( 


4a 


2ZJ 


50 


60 


5,400 


121,500 


j 




f 


4a 


H 


70 


80 


7,000 


66,600 


\ 






\b 


10 


65 


6S 


5,850 


58,600 






-i 


66 


10 


55 


65 


5,850 


68,5(M) 






7a 


18 


45 


55 


4,900 


88,2(K) 


> 460,500 


22,625 



"We assume that the blank is 611ed up during the 
first year with pines. Whether it would be advis- 
able or not to change the species of some sub- 
compartments sooner or later, if possibloj 6J, for 
example, is a question which we need not consider, 
our object being, not to set up a general plan of 
operations, but simply to calculate the yield of the 
forest as we find it. 

66, 2&, and 76 may evidently be cut daring the first 
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period, 8 may also be cut. That will expose the pines 
in 9a, forty years old at the commencement of the 
period. If these are much drawn up, and the station 
exposed to dangerous winds, it would perhaps be a 
little late to begin cuttings in 8. They are, however, 
separated from the latter compartment by a minor 
ride, so that the trees on its border will have had 
room to expand: and, if it is thought necessary, 
only a strip twenty feet broad may be cut in the 
group 5a along the minor ride, and further cuttings 
postponed until the border-trees in 4a are considered 
sufficiently strong to admit of their being continued 
with safety. We may then safely enter 8 in the first 
affectation. 

In the second period the remainder of 76 and 9c 
and 4a may all be cut, also 9a, because the beeches 
and firs in 9d are to be felled during this period. 

For the third period we may take the remainder of 
4a. As regards 16, the next on the list, it will be 
observed that it protects the group in 2a, which was 
sixty-five years old at the beginning of the period, 
and is too old to be exposed, the narrow minor ride 
not being sufficiently broad to enable the group to 
do away with all protection in front. Nevertheless, 
it is highly desirable that it should be cut down in 
this period, otherwise it must be left standing fifty 
years longer, until the group in 2a is cleared off. 
A protective clearing twenty feet broad should, there- 
fore, be made in 16 along the edge of the minor ride 
during the first period, to enable the trees on the 
other side to strengthen their roots and lower 
branches, and thus form a protective fringe by the 
time the pines in front are removed. 
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The old group in compartment 5a having been 
removed during the second period, the young growth 
now there will not exceed twenty years of age at the 
beginning of this period. We may, therefore, enter 
also 66. The groups 7c, 7a, 96 may also be cut 
without danger. 

The above arrangement of cuttings fits in well with 
that for the beech and silver fir series; they may, 
therefore, both be allowed to stand. 

A serious objection to employing this method, even 
in forests in which the age-classes are for the moment 
tolerably complete, is the utter impossibility of deter- 
mining accurately the yield of a group for many years 
in advance. The whole estimate, even supposing that 
no causes arise to mar the plan, rests on far too 
speculative and uncertain data as regards seedling- 
forest with long revolutions, whilst for coppice the 
method of compartments is greatly to be preferred. 

The sacrifice of revenue, consequent on not cutting 
groups at the exact time of their exploitability, is just 
as great by Hartig's method as by the method of com- 
partments, but the latter has at least the merit of 
bringing about, as nearly as is possible, the ideal state 
at the end of the first revolution, an object which 
cannot be attained by Hartig's method, unless the 
age-classes are complete at starting. 

The Combined Method. 

This method is the outcome of the two former. The 
areas of the affectations are not necessarily the same, 
but are made to depend mainly on the relative pro- 
portion of the age- classes of a series, in order that 
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very immature groups may not have to be cut. The 
areas of the affectations being fixed, the yield for each 
is determined by Hartig's method, so as to obtain a 
uniform yield during each period, or the affectation 
p,nd yield of the first period, or first and second 
periods, alone are fixed. Very excessive, or very in- 
suflScient cuttings are guarded against by the affecta- 
tions being fixed by area, and although a uniform 
yield is seldom at once attained for the whole series, 
it is obtained for each period, and the ideal state is 
sooner or later effected at the least possible loss to the 
proprietor. 

The determination of the yield of more than two 
periods is now seldom attempted. It can certainly do 
no harm to estimate the possible yield for. any number 
of periods, but experience teaches that such calcula- 
tions are sure to be upset, and that it is quite im- 
possible, even under the most favourable circum- 
stances, to determine satisfactorily the future yield of a 
group for more than a comparatively short space of 
time. Nor are there under the circumstances any very 
great advantages to be derived from such an estimate, 
supposing that it be approximately correct. A certain 
area, whose size depends on the relative proportion of 
the age-classes in a series, is fixed for one or more 
affectations, and a very accurate estimate of the future 
yield of young groups will not materially affect this 
arrangement. On the other hand, a great saving of 
time and trouble will be achieved, once it has been 
decided to give up the attempt, as it will then suffice 
to determine the contents of young groups by the 
simplest means instead of by the most accurate and 
costly. 
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The combined method will be best explained by an 
example. We will take for this purpose the pine 
series of the last example (page 187). 

The area of the series is 220 acres, the revolu- 
tion 60 years, and the normal coupe would, therefore, 
be ^0^=3-67 acres. 

We should then have the following normal and 
actual areas occupied by each age-class, if the age- 
classes proceed by diflTerences of 20 years. Each 
age-class will correspond to a period. 



Age-clasB. 


Area oocnpied by eaoh Age-claaa. 


Normal. 


ActaaL 


Too mnoh. 


Too Utile. 


1—20 \ 
years old j 

II. ) 

21—40 f 

IIL ) 

41—60 V 

and over j 


73-33 
73-33 
73-34 


7500 
6200 
8300 


1-67 

• « • 

9-66 


11-33 



In the first age-class, a blank of 5 acres is included 
in the above. This class is very fairly represented. 

As regards the other two, the surplus quantity of 
the older class will more than compensate for the 
deficit in the second class, and we might safely put 
the full area of 73*33 acres into the first period, or 
even more, considering how much over-mature timber 
there is. To be on the safe side, there being a 
marked deficiency in the second class, and to better 
equalise the yield, we will put down only 72 acres. 
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We shall then have the following estimated yield for 
the first period : — 



it 
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1 


15 


25 


1,850 


1,8501 






ib. Pro- 


6S 


3 


90 


100 


7,900 


23,700 






teotire 


26 


S 


80 


90 


7,500 


37,500) 


494,950 


24,748 


cutting. 



The allotment of groups to the next two periods 
should be ascertained roughly, so as to enable the 
organizer to adopt measures, if necessary, for securing 
the cutting of suitable groups in later periods by- 
means of protective cuttings, or fringes, or for forcing 
the growth of young groups which have to be ex- 
ploited before the proper time, and in order to obtain 
a general idea of the probable course of events. 

The forecast for the next two periods might be 
somewhat as follows, but ib would not generally be 
necessary to estimate the yield. There is no ob- 
jection, as we have already seen in the example of 
Hartig's method, to cut the groups in the periods as 
shown above and on the next page. 
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18 


46 


55 
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88,200 


378,150 


18,908 



The above is a very favourable case on account of 
the great quantity of old timber, which enables us 
to maintain normal affectations throughout, and yet 
never to cut a group below its exploitable age, and 
this in spite of there being a deficiency of over 11 
acres in the area occupied by groups of the second 
age-class. If there had been, say, 74 acres of the 
third age-class, but only 40 of the second, we should 
not have been justified in cutting as much during the 
first period; certainly, in that case, not more than 
60 acres should have been entered in the first 
affectation. 



The Austeian Method. 

I call this the " Austrian Method," because it was 
first published, in a modified form, by the Austrian 
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Government, in 1778, in a decree regulating the 
cutting of wood in State-forests, and because Austria 
is the only country of importance which still adheres 
to the system. 

Let Y represent the annual yield : I the annual in- 
crement : Q the actual quantity of standing stock : Q 
the normal quantity : r the revolution : then, by this 
method. 



That is, the yearly increment is to be cut annually, 
provided that Q=zQ. But if Q is greater than Q^ a 
yearly quantity equal to the r*^ part of the difference 
must be added to I; and if Q is less than Q', the r*^ 
part of the difference must be deducted from J. 

Evidently the intention was to attain the ideal state 
at the end of the revolution ; but it was a fallacy to 
imagine that this would necessarily be effected within 
one or any given number of revolutions. The normal 
state could be attained only in the event of the age- 
classes being all properly represented at the end of 
the revolution, but the abnormal contents of a series 
might easily be equal to the normal contents without 
the age-classes being equally represented. 

The contents, Q^ of the ideal forest were originally 
estimated for each group, or age-class, in the manner 
described at page 38 ; ^.e., the mean yearly growth of 
the annual cutting for the revolution fixed, was taken 
as the mean yearly growth of the groups of each 



; * The original formula was somewhat different to this, the one 
now generally used and first propounded by C. Heyer in his 
Waldertragaregehmg^ published in 1840. 
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age-class. The actual supply of the forest, Q, was 
also calculated by means of the mean annual growth 
of the annual cutting. As this method gives very 
inaccurate results, the value of Q" is now generally 
estimated by means of local experiential tables, 
and that of Q is accurately determined by direct 
measurements. Formerly all that was needed was 
to determine the average yield of an acre of land 
cropped with trees r years old, and the average 
ages of the trees in the several groups. The mean 

yearly yield of the former ( - j was then taken as the 

average growth per acre of every group. The present 
system is, therefore, much more elaborate, but also 
much more accurate. 

The yield of the pine series, described at page 187, 
would be calculated as follows : — 

220 

The normal area of the annual coupe= •gg'=3'67. 

The yield of a group 60 years old is 5,400 cubic feet 
per acre ; therefore the normal annual cutting in this 
case will amount to 5,400x3-67=19,798. The con- 
tents of the ideal forest would be 



10(700 X 3-67 + 2300 x 3-67 + 3300 x 3-67+4400 x 3-67 

5400 x3-67 w g400x 3-67 ^5oi689 ft=<?'. 
2/2 

(See pages 190 and 36.) 



The actual supply of wood is (by the experiential 
table at page 195) : — 
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Sub* Contents, Mean 

compartment. cubic ft. Yearly Growth. 

56 22,600 260 

26 35,000 438 

8 315,000 4,500 

76 91,800 1,530 

9c 35,200 704 

9a 99,000 2,475 

4a 73,600 2,453 

16 10,500 700 

66 10,500 700 

7a 6,300 1,260 

3c 7,000 1,400 

7c 4,200 840 



Total 710,600=^. 17,250=7. 

The mean yearly yield of groups under 20 years of 
age is taken as the same as that of groups 20 years 
old. Therefore, 

7^^ 79.Kn.i- 710600-501634 

60 

=17250+8483=20733 ft. 

In this fraction, r may, of course, be made equal to 
any number of years instead of exactly the number in 
the revolution. The time required to arrive at a 
normal quantity of standing stock would be propor- 
tionately lengthened or shortened. If we put r = 50, 
the time required would be 50 years ; if we put it 
equal to 100, the time required would be 100 years. 

Several other formulas for finding the annual yield 
of a forest based on the normal quantity of wood, 
have been proposed. Hundeshagen, for instance, 
proposed to find the annual yield by the proportion 
g : T=Q : r, whence 

When F=the idml yield. 
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This formula also leads, sooner or later, to the 
establishment of the normal quantity of standing 
stock. For Y can only be equal to Y' if Q = Q' ; but 

if Q is less than Q", then ^ is a proper fraction, and 

the quantity to be cut will be proportionately reduced ; 
if Q is greater than Q', the quantity of material to be 
cut annually will be proportionately greater than Y\ 

Theoretically, there is little to object to in the 
Austrian method. If the cuttings are always taken 
from the oldest groups, the age-classes must sooner 
or later become normal. A decided practical objection 
to it, is that everything depends on the correctness of 
the estimate of increment, which is a most uncertain 
and varying factor, and cannot be ascertained with 
that accuracy which the case may demand. This is a 
fatal objection, and applies equally to all methods 
based on the ideal supply, including the cruder 
formulae of Hundeshagen and others.] 

The Financial Method. 

By this method groups are treated separately, and 
cut as soon as financially exploitable, without re- 
ference to a sustained yield. The financial maturity 
of a group is fixed in the manner described in the 
chapters on the determination of the financial exploit- 
ability of a group. (See pages 69 and 17.) 

In a continuous series of seedling - forest this 
method could not always be thoroughly carried out, if 
due weight is given to a proper sequence of cuttings ; 
but for isolated groups there would be no physical 
obstacles to its being carried out to the letter. 
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In order to find out if a group is financially ex- 
ploitable, we should know approximately 

(1). The value of the land. 

(2). The value and date of receipts of thinnings, 
past and future. 

(3). The present and future value of the group. 

(4). The cost of cultivation. 

(5). Annual cost of supervision, taxes, &c. 

These being known, the relative exploitability of a 
group may be ascertained by formulae described in 
Chapter X. 

It will seldom happen that all of the first four 
items can be accurately ascertained. Information 
regarding past thinnings will often not be forth- 
coming at aU, and the quantity of future thinnings 
will always be more or less hypothetical. Kough 
estimates must be made if accurate data are not to be 
had. 

The present value of the group should be esti- 
mated as accurately as circumstances admit; if 
possible, by Draudt's method. The future yield 
should also be estimated as accurately as possible 
by felling sample-trees, and calculating their growth, 
the present percentage of each description of wood 
being taken as that of the future yield, or by local 
increment- tables. (See pp. 107 and 131.) 

As a rule, only older groups would be examined 
about whose exploitability there was some doubt. 
There would be generally none as regards young 
and very old groups. The estimate would be for a 
period of not more than ten, or, at the most, twenty 
years. It will, therefore, be often possible to take 
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the mean yearly increment as a basis for the estimate 
of future yield. The increment of the branches, at 
all events, will have to be calculated in this way if 
ezperiential tables are not available. 

If Draudt's method is not adopted, the proportion 
of each description of wood must be deduced from 
the results of previous cuttings. It is essential that 
this point should be ascertained as accurately as 
possible, because the value of the increment will 
sometimes not depend nearly so much on its quantity 
as on its quality. 

Having arrived at an estimate of the five items, 
the Index may be calculated in the manner described 
in Chapter X. 

JudeicVs Modification. 

The above method of treating each group sepa- 
rately would evidently be impracticable in continuous 
masses of forest. It would necessitate, at least, the 
cutting of a main ride round each group, so that 
perhaps half or more of the area would be taken up 
by rides. Again, the exigencies of the market, 
especially when the forest is large, and the supply 
of produce limited to the requirements of the im- 
mediate neighbourhood, may render it necessary 
financially, and politically if the forest is State 
property, not to flood the market with produce at one 
time and stop the supply altogether at another. 
In such circumstances, which are the rule in well 
wooded districts, it is desirable in every respect to 
maintain a tolerably uniform supply. Oberforstrath 
Judeich has, therefore, elaborated a system similar 
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in form to the combined method, which is better 
suited to the general requirements of large seedling- 
forests. 

He first of all draws up a table similar to the one 
at page 200, showing the area actually occupied by- 
each age-class, and the area it would occupy if the 
age-classes were normal. He then selects for cutting 
first the following descriptions of group, but not 
necessarily in the order named : — 

(1). All groups, or portions of groups, which must 
be cut, in order to ensure a proper order of cuttings 
(protective cuttings) or which are necessary for the 
proper management of the forest generally {e.g. 
clearings for roads). 

(2). All groups which are undoubtedly exploitable 
— that is, whose indices have fallen below the rate 
required. 

(3). Groups whose exploitability is doubtful. These 
need not be considered, unless it is thought desirable 
that they should be cut during the next ten or twenty 
years to make up the yield. 

The normal coupe is the chief regulator of how 
much area should be worked. The area of the normal 
coupe is determined, of course, by the length of the 
financial revolution. It would be 3*67 acres for the 
example at page 200, if the most advantageous revo- 
lution for the series generally was found to be about 
sixty years ; more or less would be taken, according 
as there was an excess or otherwise of exploitable 
timber. The plan of cuttings for the next ten or 
twenty years would be drawn up on these general 
lines. 
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For the series of pine described at page 187, if the 
financial revolution were found to be about sixty 
years, the annual ideal coupe would be 3'67 acres, 
and the sum of the coupes for twenty years would 
be 3-67 X 20 = 73-4 acres. The groups that would 
naturally come first according to age are those in 
56, 26, 8, and thirteen acres of 76. One acre of 16 
must also be entered, as, although the group in it is 
only fifteen years old, the protective cutting there 
cannot be postponed. AU other groups mentioned 
above will be undoubtedly exploitable by the time 
their turn to be cut comes ; but, by way of illus- 
tration, we wiU assume that there is some doubt in 
this respect as regards the group in 76, and proceed 
to calculate its index. 

It is estimated that the financial revolution is sixty 
years, with a return of 3 per cent, on outlay. If, 
therefore, the index of a group has at any time fallen 
below 3, then it is decidedly exploitable. 

Direct information is not available regarding past 
thinnings, but there is reason to believe, on the 
ground of results obtained elsewhere under similar 
conditions, that their value amounts up to the present 
time to about 10 per cent, of the value of the main 
cutting. 

The value of the main cutting is estimated to be 
2,500 shillings per acre for ajjgroup sixty years old, 
4,000 for a group sixty-eight years old, and 5,300 for 
a group seventy-eight years old. Thejyearly-recurring 
expenditure amounts to two shillings per acre, and 
the cost of cultivation was twenty^shillingsjper acre. 

We know that the maximum prospective value of 
the land is calculated for a revolution of sixty years. 
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The value of the land per acre is, therefore, at 3 per 
cent, interest (by the formula at page 18), 

2500 + 250- 20 X 1-03 ^ ^^ ^ ,^, ^.„. 
go — 66-7 = 471 shillinga, 

when ff^ = 2500 : S (2)) = 10% ffeo = 250 : c =20 

F= -A = 66-7.* 
003 

We are now in a position to calculate the index by 
means of the formula at page 71 ; and will have, if 
there is a prospective thinning per acre of the value of 
100 shillings, in the seventieth year, 

ffes = 4000 : ffrs = 6300 : ^ = 3 : ^ = 471 : 
. Ao = 100 : F = 66-7. 

Therefore, 

W = 100 ( aV 6300 + 100 X 1-03^ + 471 + 66-7 \ 
^ \ "V 4000 + 471 + 66-7 "" ^/ 

= 2-8. 

The index, therefore, will have fallen below 3, and 
the group is consequently exploitable. 

Oberforstrath Judeich thinks that it will suffice for 
all purposes if thinnings are estimated roughly at so 
and so much of the main-cutting. Of course the value 
of the land depends greatly on the time of receipt and 
the value of the thinnings ; but, as this term appears 
in both denominator and numerator of the index, a 
certain latitude may perhaps be permitted. 

* The maximum prospective land -value will, of course, vary 
according to station. But for all practical purposes it should suffice 
to determine the most advantageous revolution for a few average 
groups of a series, and to calculate the value of the land throughout 
accordingly. 

p 2 
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The yearly cutting for the above series during the 
first twenty years might then be calculated in precisely 
the same way as by the combined method. The pro- 
cedure recommended by Judeich is, in fact, precisely 
the same ; with a large stock of over-mature timber 
there would be no objection, if other circumstances 
did not militate against such a measiu*e, to cut more 
than the average yield at first, and less towards the 
end of the term ; or, conversely, to cut less, and keep 
financially over-mature groups standing. 

If, in the above example, there had been a dearth of 
trees of the second age-class, it would have been 
necessary by this method, too, to husband the supply 
of the oldest by cutting a proportionately less quantity 
during the first twenty years, so as to avoid cutting 
trees of the younger age-class long before the proper 
time. 

On the whole, the ultimate result of Judeich' s 
method is very much the same as that of the com- 
bined method, provided the financial revolution is kept 
in view in the latter case also. By the former method, 
however, we must make laborious calculations re- 
garding the financial exploitability of certain groups. 
Having done this, and shown that they are undoubtedly 
cumbering the earth and should be removed at once, 
we are told that cannot be ; considerations of demand, 
labour, sequence of cuttings, and so forth, demand 
that they shall be gradually taken away. 

It appears, then, that for large expanses of forest in 
which the general requirements must be considered 
first of all, and those of individual groups last, the 
forester may well be spared the more laborious pro- 
cedure involved in Judeich's method. For isolated 
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groups in which a tolerably uniform yield is not a 
necessity, the financial system, pure and simple, is 
certainly to be preferred by the proprietor who wishes 
to utilize his land to the greatest advantage. 



Choice of a Method. 

As we have seen, the Austrian and allied methods, 
as well as Hartig's, are founded on uncertain data, and 
have no means of preventing excessive cuttings. This 
check is obtained by the method of compartments 
whose first canon is that equal areas shall be couped 
yearly, and only the groups of an affectation be cut 
during the corresponding period. But this method 
may demand too many sacrifices in seedling-forest, if 
rigorously carried out, as it fixes the area and location 
of the annual coupe without due regard to the state of 
the groups to be cut, or the forest generally. 

The financial method of treating each group sepa- 
rately may be practicable in the case of isolated 
groups, but is generally unsuited to large expanses of 
forests, in the regulation of which the ultimate object 
will almost always be a more or less uniform yield. 
Judeich's modification of the financial method certainly 
effects this object in a rational manner, but appears to 
be unnecessarily complex, and, on the whole, not more 
likely to lead to satisfactory results than the simpler 
combined method, alwafys provided that the financial 
revolution is adopted. As a general rule, therefore, it 
appears that the combined method is the one best 
suited to large tracts of seedling-forest, whose groups 
must be worked with reference to the whole, whilst 
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for coppice and underwood of all descriptions the 
simplest and best plan is to adopt the method of 
equal areas, as the objections which apply so forcibly 
to it in regard to seedling-forest, do not, as we have 
seen, hold good in the case of forests subject to very 
short revolutions. 
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CHAPTER XXI. 

METHODS OF DETERMINING THE YIELD OF FORESTS 
COMPOSED OF VERY IRREGULAR GROUPS. 

The kinds of forest it is necessary to consider under 
this heading, are composite forest and primitive forest. 

1. Composite Forest. 

Here two distinct modes of treatment are necessary, 
one for the underwood and another for the overwood. 

The underwood, as we have seen, may be most con- 
veniently treated by the method of equal areas, or of 
areas inversely proportional to their supposed pro- 
ductive power. The former will generally be found 
sufficient for all practical purposes. 

The theoretical considerations on which the yield of 
the overwood in a forest may be based, were examined 
at page 41. 

Having determined the most advantageous revolu- 
tion, the next thing is to decide the amount of cover 
which the underwood will bear with advantage. This 
will depend on the species constituting the underwood 
and those constituting the overwood : on the station, 
and on the local value of coppice as compared with 
standards. 

In the next place, the cover, cubic contents, and 
heights of representative trees of each age-class must 
be fixed, with the exception of the youngest, which 
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may be neglected, as it virtually belongs to the 
coppice. It is necessary to determine the heights of 
the sample-trees in order to know the heights of trees 
corresponding to certain ages and classes. The height 
of a tree can then be used to fix its age-class when 
working a forest. 

The normal supply of each age-class may be deter- 
mined in the manner described in the example at 
page 42, and the actual supply by one of the methods 
already described for determining the cubic contents 
of standing stock. 

The quantity to be cut annually in each class may 
be determined in cubic feet, or the number of trees of 
the required height may be allowed to determine the 
yield. 

If the yield is to be given in cubic feet it will be 
necessary to make a very careful and comprehensive 
estimate of the contents and increment of the over- 
wood. The amount to be cut yearly in each class 
may then be fixed by means of the Austrian formula, 



r=/+ 



a 



when I represents the yearly increment : Q the actual, 
Q the normal, supply : a the length of the period (see 
p. 202). 

If the data on which formulas of this kind are based 
could be ascertained with a fair degree of accuracy, 
there would be no objection to employing this method ; 
quite the contrary, in fact, as it is always much more 
convenient to have the yield expressed in cubic feet 
than in trees. Unfortunately, in the present case, the 
diflBculty of ascertaining the quantities I and * Q is 
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exceptionally great, and the result is, therefore, sure 
to be disappointing. The usual way, the simplest 
and the safest, is to fix the number of trees to be cut 
annually, so that the uncertain element, cover, shall 
not be brought into the calculation, but be used only 
as a rough guide to the number of trees which should 
be maintained. The maintenance of a fixed quantity 
of overwood of each age-class is thus rendered a com- 
paratively simple affair. 

The number of standards of each class to be main- 
tained on each coupe of the underwood is illustrated 
by an example at page 42, also the number to be cut 
when the age-classes are normal. If the age-classes 
on each underwood-coupe are not normal, the object 
of the organization will be to make them so by sus- 
pending cuttings, or by reducing them below the 
normal rate. 

The system of determining the number of trees of 
each age-class to be cut by a hard-and-fast rule is 
very rigid, and not likely to enable the proprietor 
to utilize his land to the greatest advantage. The 
number of standards of a given age which can be 
most advantageously maintained cannot be fixed 
arbitrarily without loss. All large areas consist of 
parts of various degrees of fertility, and the better 
stations will generally be capable of holding more 
overwood than the poorer ones. In one place it 
might, therefore, be to the owner's interest to grow 
more standards than the fixed number, in another 
less. Nevertheless, in extensive forests order and 
regularity of yield may be of first-rate importance, 
and owners of large estates will generally prefer to 
sacrifice the chance of a certain amount of additional 
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income in order that the sustained yield of their 
forests may be practically secured, and this can be 
done with certainty only by strictly laying down the 
quantity of standing stock to be cut and the quantity 
to be maintained on each coupe of the underwood.* 

2. Pbimttive Forest. 

A normal forest worked on the primitive system is 
very similar to the overwood in composite forest, only 
it is more] densely stocked. If the revolution of a 
normal primitive forest is fixed at 100 years and there 
are 1,000 acres of it, the yearly coupe will be equiva- 
lent to ^=10 acres, and there will be a regular series 
of all ages from 1 to 100 years, occupying an area 
equal to 10 acres each. But, unfortunately, in this 
case, as in that of the] overwood of composite forest, 
there are no means of knowing the area actually 
occupied by the oldest or any other age-class, because 
trees of all ages are mixed up together ; and affecta- 
tions, which are the best safeguards against excessive 
or insufficient cuttings in regular forest, cannot, there- 
fore, be constituted in primitive forest. The estimate 
of yield must, consequently, be based on mass and 
increment. But it is evidently practically impossible 
to estimate the number or quantity, let alone the 
growth, of the trees of the youngest age-classes, and 
it is, therefore, necessary to be contented with a much 
less thorough examination than is possible in the case 
of regular forest, or even composite forest. 

• Here I may remark, in passing, that composite forest is rarely 
grown on the Continent by proprietors of large estates, because, in 
the first place, there is a very general opinion that only the best 
land is suitable for this kind of forest ; and, secondly, because great 
care and skill are required to manage it satiefactorily. 
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The best plan in regulating this kind of forest, is 
to confine the attention to a few of the oldest classes, 
and to estimate their contents and growth by mea- 
suring trees on sample-areas, or on the whole forest 
area if greater accuracy is required. If the revolution 
of a forest is about 100 years, an estimate of the 
standing stock of the first two classes will suffice for 
most practical purposes. 

If the estimate is confined to sample-areas, as will 
generally be the case, a long narrow form is the best 
shape to give them, as in very irregular forest that is 
most likely to give satisfactory results.* 

Before measuring the trees, the first point to decide 
is, what shall be the smallest tree, as indicated by its 
diameter at breast-height, to be taken into account. 
Supposing it was decided in a given case to begin at 
18 inches diameter, and to class together all trees of 
18'-20^ and again all those 20'-22" in diameter, 
and so on, proceeding by difierences of 2 inches for 
each class, and neglecting all trees under 18 inches. 
When all measurable trees on the area had been 

• The following method of estimating the proportion of the 
standing stock of different classes on sample-areas in large primitive 
forests was published some years ago, by M. de B^ranger, in the 
Tha/romdter Jahrhuch, The working party consisted of two men 
with a surveyor's chain, two diameter-measurers, an ordinate-mesr 
surer, and a clerk. The chainers move in any required direction, 
measuring the linear distances travelled, zigzag or straight. The 
ordinate-measurer walks along the chain and swings to the right and 
left in advancing a staff 10 feet long, one end of which is kept 
vertically over the chain. The diameter-measurers measure and call 
out the diameters of all trees within the radius of the circle swept 
by the staff, and these diameters are noted in a field-book by the 
clerk. The area examined, in square feet, will of course amount to 
20 X Z, if I represents the distance in feet travelled as measured by 
the chain, and the practically insignificant differences owing to the 
line not being straight, when such is the case, are neglected. 



„ III. { ^'1 



220 Yield of Forests of very Irregular Groups. 

measured, representative trees of each class would be 
felled, and their heights, contents, ages, and increment 
measured, and finally the contents of each class calcu- 
lated by one of the methods described in former 
chapters. 

The quantity and rate of growth of each class would 
then be known, and it would be possible to calculate 
how long the oldest classes would have to last until 
the younger should become exploitable. 

Supposing, for instance, that we find in a forest 

Class I. 1,«500 trees of diameter 18-20 inclies. 
„ II. 1,500 „ „ 20-22 „ 

,000 „ „ 22-24 „ 

500 „ „ 24-26 „ 

and that the most advantageous revolution is that 
which produces trees of about 23 inches diameter, 
we should have, according to the estimate, 1,500 
exploitable trees, and if the average rate of growth in 
diameter of a tree of the class 20' -22'" is 1 inch in ten 
years, it would take the 1,500 in that class twenty years 
to become exploitable, and we would have to husband 
the resources of the two oldest classes, so as to make 
them last that time. If, for example, the representa- 
tive tree of the penultimate diameter-class contained 
120 cubic feet, and had an increment of 4 per cent., and 
that of the last contained 160, with an increment of 3^ 
per cent., the material yield of the next twenty years 
would be 

1,500 trees, with contents ... 120 x 1,500 = 180,000 c. ft 

Add increment for ten years at 4 °/o ••• = 72,000 „ 
500 trees, with contents ... 160 x 500= 80,000 „ 

Add increment at 3| per cent, for ten years = 28,000 „ 

Total yield for the period ... 360,000 „ 
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The average annual yield for the period would be, 
g<>QgQQ = 18,000 cubic feet. 

This estimate of yield would, of course, require 
modification if there was found to be a considerable 
excess of old timber, or if the lower size-classes were 
insufficiently represented. During the examination 
of the forest the organizer will obtain a rough idea of 
the relative proportion of the trees of inferior size- 
classes ; but it is always within his power to include 
comparatively small trees in his examination if he 
should think such a step necessary. 

A serious objection to the selection-method is 
that it renders the regeneration of the forest very 
difficult and hap-hazard ; it is, moreover, a wasteful 
system, and one that does not admit of the sustained 
yield being determined with certainty. Notwithstand- 
ing these disadvantages, it is well suited to certain con- 
ditions, as, for instance, when forests, whose produce 
is of little value, can only be worked at a profit if 
treated very extensively. Again, to countries which 
are only just commencing to preserve their forests, it 
offers a simple, expeditious, and easily-understood 
means of regulating the yield, and of keeping cuttings 
sufficiently within bounds until such time as it may be 
possible to introduce superior methods. Sometimes, 
again, it is advisable to treat protective forests by this 
method, in order to avoid the gaps which arise tem- 
porarily in the working of regular forests, and which 
might in some situations give rise to landslips, or 
endanger regeneration, or the safety of the sur- 
rounding crop. 
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SECTION V.-PLANS OF OPERATION. 



Having decided on the series, and the most suitable 
mode of treatment and revolution for each in the in- 
terests of the proprietor, the organizer, furnished with 
the data collected during his examination of the forest, 
will be in a position to draw up a plan of operations 
for the next ten or twenty years for each series, for 
the guidance of those in charge of the forest. 
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CHAPTER XXIL 



SOME PRELIMINARY CONSIDERATIONS; 



Propoetion of Age-classes. 

This may be shown in a table similar to that at page 
200, groups which are to be treated separately being 
put in a separate column. 

The age-classes are generally made to correspond 
to the periods. If periods were twenty years long, 
the age-classes would proceed by differences of twenty 
years. 

Speaking generally, groups in progress of natural 
regeneration by seed may be reckoned as belonging 
to the oldest class up to the time of the first secondary 
cutting ; but no hard-and-fast rule can be observed, 
and the organizer should exercise his own discretion 
in the matter. The quantity of old trees still stand- 
ing is the best guide. Let us take, for instance, 100 
acres of forest in process of regeneration, whose normal 
supply is altogether 400,000, but whose actual supply 
is foimd to be only 100,000 cubic feet ; the average 
contents for a completely stocked acre would be 
itii^^ = 4,000 ft. There would, consequently, be the 
equivalent of ^2ooo^ = 25 acres of the oldest class, 
and 100 — 25 = 75 acres of young growth. 

Wastes which it is intended to re-stock, should not 
be entered in an age-class until they have been re- 
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stocked ; but the last yearly coupe, or coupes, which 
is regularly re-stocked, should be entered in the first 
class. 

The Numbbb op Years nbobssaby to realize the 

Ideal State. 

An effort should be made to effect a practically 
normal state of the age-classes of a series by the end 
of the first revolution, or within the term of years 
required to work through the whole forest. It may 
not, however, be advisable to accomplish this so 
quickly in forests in which the age-classes are very 
abnormal, as due regard should always be paid to the 
money question. It would generally be advisable, for 
instance, to ex9eed at first the normal coupe con- 
siderably, in a series of three age-classes, of which the 
first two were largely overstocked, and to reduce the 
annual coupe below the normal if they were con- 
siderably understocked. 

Periods. 

Very short periods are apt to hamper the executive, 
especially in forests naturally regenerated by seed, 
where greater freedom in locating the cuttings is 
necessary than in forests which are independent of 
"seed-years," and can be regenerated with much 
greater certainty, regularity, and rapidity. 

Another objection to very short periods is that they 
make the gradations of the age-classes too small. 

On the other hand, very long periods are apt to 
allow too much licence to the executive in carrying 
out the provisions of the plan. 
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Five to twenty years may be taken as limits. Thirty 
years was formerly the usual term for forests with 
long revolutions ; twenty is now more general for 
seedling-forests, naturally regenerated, and ten for 
those regenerated by the method of clean cuttings, or, 
what comes to the same thing, the twenty-year periods 
are divided into sub-periods of ten years each. 

Affectations. 

Generally speaking, the affectations should be of 
about equal area. 

The system of allotting to each period an area 
inversely proportional to its supposed productive 
power, has not been found to answer. It necessitates, 
to be of any use, the determination not only of the 
quantity of produce a given area will yield in a given 
number of years, but also its quality. The latter will 
vary with the quality of the station, and it will, there- 
fore, be necessary to know not only the number of 
cubic feet of wood a given class of land will produce, 
but also their quality ; a question already extremely 
difficult is, therefore, rendered doubly so by this addi- 
tional element of uncertainty. 

But if only land of about the same fertility is put 
into the same series, differences of station will pro- 
bably counterbalance each other during a period, 
and there will be no need to resort to uncertain ex- 
pedients to effect an equaUsation of the periodical 
yields. 

Allotment of Groups to Affectations. 

As a rule, the oldest groups should be cut first. 
Circumstances will, however, often prevent this 

Q 
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arrangement. If we had, for instance, to choose be- 
tween two groups, one old but vigorous, the other 
comparatively young, but sickly from mismanagement, 
attacks of insects, damage by fire, &c., or on account 
of the species being unsuited to the station, we would 
probably elect to cut the younger group first. 

Again, in order to obtain a proper sequence of 
cuttings it may be necessary to cut younger groups 
before older ones ; or in order to avoid having very 
large areas stocked with groups of about the same 
age where there is fear of damage by wind ; or for 
other reasons. 

Protective Cuttings. 

These are very important in forests in situations 
exposed to violent storms, especially in coniferous 
forest. As we have already seen, they consist in 
clearings 30 ft. or more broad, made on the weather 
side of a group when it is young, so as to avoid the 
danger of suddenly exposing it to wind and sun, 
when the group in front of it is cut. The area thus 
cleared may be re-stocked with young growth, which 
then forms a protective fringe, or it may be left 
bare. 

The usefulness of these protective cuttings in saving 
groups from premature cutting is very great, and the 
principal reason why it is advisable to obtain at the 
beginning a rough idea of the course of the coupes 
during the whole of the revolution. The age up to 
which protective cuttings may be safely made in a 
group depends on the kind of tree, the conditions 
under which it is growing, and the station. Some 
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species withstand wind much better than others : 
conifers, especially those with only tracing roots, must 
be most carefully dealt with. 

Extraordinary Thinnings. 

These will be indicated when it is necessary to cut 
a group before its exploitable age, in order to hasten 
its growth, or its seed-producing power in case the 
group is to be naturally regenerated. When the thin- 
ning is very severe, it will often be advisable to intro- 
duce young-growth of shade-enduring species in order 
to protect the soil. If the group is cut within the next 
20-30 years, this young growth may sometimes be 
utilised to re-stock the ground when the overwood is 
cut awayc 

Unification op Sub-Compartments. 

Groups in a compartment should, if possible, all be 
subjected to the same revolution. If this cannot be 
managed at once, it will often be possible to effect a 
change of species, sooner or later, which will bring 
about the desired result. 
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CHAPTER XXIII. 

PREPARATION OP THE PLAN OP OPERATIONS. 

« 

This is intended to furnish the raison d^etre of the 
proposed general plan of management, together with 
detailed instructions for the next ten or twenty years. 
It should, therefore, commence with a general de- 
scription of the forest and of the circumstances which 
have led to the proposed system of management. 
This account will be compiled from the facts collected 
during the examination of the forest. It should be 
condensed ; only essential points being noted in order 
that the leading features may not be obscured by a 
mass of detail. 

It may be divided into the following headings : — 

1. The Actual State of the Forest and its 

Environment. 

This should comprise a condensed history and de- 
scription of the forest : — General topography, station, 
and tenure ; prevailing species ; past management, 
expenditure, and receipts. Circumstances affecting its 
general management, such as the requirements of the 
surrounding population, markets, rights, and privi- 
leges, the existence in the vicinity of industries re- 
quiring a steady supply of forest produce. Reasons 
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for the system of differentiation and roads adopted. 
State of crime and means of prevention. 

2. Circumstances Affecting the Yield. 

Eeasons for the series and revohitions chosen ; and 
for changes, if any, of regime or species. Reasons for 
the method adopted for determining the annual yield. 
Methods employed in estimating contents of groups. 
The period which must elapse before the ideal state 
will be approximately attained. Circumstances not 
now affecting the value of the produce but likely 
to do so, such as the construction of new or 
improved lines of communication, the starting of 
new industries (mines, factories, &c.). Directions in 
regard to the general management of the forest ; such 
as directions as to the mode of carrying out the main- 
cuttings, thinnings, draining, and cultural operations. 
Reasons for alterations, if any, in the executive or pro- 
tective establishments. 

3. Yield. 

General statement of past and estimated future 
annual yield from main- cuttings, thinnings, and minor 
produce (all separately.) 

4. Any other Impoktant Points bearing on the 
Management of the Forest. 

(See also Chap. XVIII. on this subject.) 

The plan of operations should include the fol- 
lowing : — 

(1). General Plan. 

(2). Statement of boundaries (in the form shown at 
p. 172). 
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(3). Of compartments and groups (in form p. 169), 

(4). Of age-classes (form p. 171), 

(5). Detail-plan of main-cuttings. 

(6). Detail-plan of thinnings. 

(7). Statement of total estimated yield. 

(8), Regeneration and cultivation-plan. 

(9). Maps. 

General Plan. 

This is intended to give a general view of the 
present state of the forest, and . its working for the 
next ten years, or for a longer period. 

It may be drawn up in the following form for 
regular seedling-forest, underwood, and coppice. For 
forests exploited by the selection-method, and for 
the overwood of composite forest, obvious alterations 
are necessary; the number of trees of a class, for 
instance, takes the place of area, and the yield of the 
sample-tree of a class that of its yield per acre, and 
when the number of trees regulates the yield, columns 
will be necessary showing the numbers of each class 
to be cut ; the column showing the age of groups will 
disappear, and generally, also that showing the area 
of sub-compartments, not only for these methods of 
treatment, but also for underwood and coppice. 

The above statement is filled in tentatively at first, 
and transposition of groups made from one period or 
decade to another until a satisfactory arrangement is 
arrived at. 

If there were other series in the range, mixed beech 
and fir, as in the example at page 182, for instance, 
separate statements should be made for each. A 
general statement may then be drawn up of the ope- 
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rations to be carried out during the first period, or 
decade, for the whole forest. 

Detail-Plan of Main-Cuttings. 

This may generally be drawn up in the following 
form. But it will not always be possible to give the 
area; for overwood in composite forest and forest 
exploited by the primitive method, for example (see pre- 
ceding page). In cases of natural regeneration, when 
the old crop is only gradually removed, it will suffice to 
put down in red ink an area proportional in size to the 
quantity of wood to be cut, making a note to that efiect 
in the remarks-column (see also remarks, p. 223). 
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The above form should be on the left side of the 
sheet, and the following on the right. The proposed 
and the actual cuttings can then be most conveniently 
compared. 
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The quantities should be shown separately for 
different qualities of wood (logs, poles, large firewood, 
spray, &c.), or at all events, logwood and firewood 
should be kept separate.* 

Detail-Plan of Thinnings. 

These should be scheduled in the same manner as 
the main-cuttings, the actuals and the estimate being 
recorded on opposite sheets. 

As regards the quantity and quality of the inter- 
mediate cuttings, the usual plan is to * make the 
estimate by means of experiential tables of average 
returns of groups of about the same age and of the 
same species. Much depends on previous treatment 
and on how a group originated ; density and station 
are the most important factors to consider, and the 
results of previous experience should be modified as 
each case appears to require. 

When neither local nor general tables exist, some 
data will probably have been collected during the 
examination of the forest which will serve as a guide. 

Often thinnings have no value, or they are removed 
by right-holders, and cannot be calculated on. In 
such cases it is needless to observe that there is no 
object in estimating the quantity. 



^ The classification adopted will, of coarse, depend on local cir- 
cumstances. In many places firewood would not be classified at all, 
and what may be valuable only as firewood in one country, may be 
used for constructive purposes in another. 
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Statement op Total Yield. 

This may be drawn up in the following form : — 
Abstract of edimated total Yield for Decade 1883-92. 



Aggregate 
area of 
coupes. 


Main cuttings, 
cubic feet. 


Thinnings, 
cubic feet. 


Grand Total. 


Logwood. 


Other 
wood. 


s. 

S 

& 
so 


1 


1 


Other 
wood. 


t 

OQ 


• 




• 


















Total ... 










• 


Mean yearlj 
yield . . . 













The sub-divisions of main-cuttings and minor- 
cuttings will always depend on local circumstances, 
and the above sub-divison into logwood, other wood, 
and stumps, is merely given by way of illustration. 
The above statement should be inserted on the left 
side of the sheet and the actuals on the right. 

Regeneeation and Oultivatiok-Plan. 

This will comprise the filling up of blanks, culti- 
vation of wastes, and regeneration of groups. The 
proposed plan should be written on the left side of the 
sheet and the details of its execution on the other. 



Cultivation-Plan. 

The following form may be used : — 

Left Side of Sheet. 

Cultivation-Plan. 

FiEST Decade 1883-1893. 




Right Side of Sheet. 

WOEK ACTOALLT CAEEIBD OUT. 
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Maps. 

Tho foUowiDg maps will be required by the Exe- 
cutive : — 

(1). Group-Map. 
(2). Working-Map. 
(3). Inspection-Map. 

Group-Map. 

This map should be on a smaller scale than the 
original map ; about four inches to the mile, ttIto* 
will generally suflBce. The group should be shown in 
colours, each kind having a different colour, and each 
age-class having a certain depth of colour, the youngest 
age-class being lightest, and the oldest darkest. A 
good general idea of the proportion of age-classes and 
species of the forest is thus obtained at a glance. 

Working-Map. 

This si ould be a copy (of course without lines of 
construction) of the original map, on the same scale, 
and not coloured. It will be required for detail work, 
such as boundary-mark inspections and measurements, 
and should not be on a scale of less than 8 inches to 
the mile, j^to' 

Inspection-Map. 

This map is required for general purposes, such as 
inspections, and should, therefore, be made of con- 
venient size, on a scale which may be made the 
same for all forests belonging to one proprietor^ 
or to depend on the size of the range. The 4-inch 
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scale, TSTToj IS a convenient size. The boundary- 
marks are nob shown in this map, as it is not gene- 
rally large enough for that purpose ; but all rides, 
roads, compartments, sub-compartments, streams, and 
general features of the country should be filled in. 

5. Booking Results and other Details. 

A yearly record should be kept by the Executive of 

(1). Changes, if any, afiecting survey-details. 

(2). Details of cuttings, actual and proposed, for 

main-cuttings and thinnings, in the forms 

given above. 
(3). Details of cultivation actual and proposed in the 

forms given above. 

(4). Comparative abstract, showing the estimated 

and actual quantity of cuttings, together with 

the sums realised by their sale. 
(5). General abstract of receipts and expenditure. 
(6). Estimated and actual quantity of, and receipts 
and expenditure on account of, minor produce. 
(7). Abstract of average gross and nett value of a 

cubic foot of wood, arranged according to 

species and regime. 

Changes affecting Survey- Arrangements. 

The chief points to note are changes of absolute 
area on account of sales, purchases, exchanges, &c. 
Eelative increase or decrease in the area of stocked or 
unstocked land, on account of rides, roads, stocking 
of wastes, newly-acquired land, &c. Alterations of 
boundary-marks, or their loss. Alterations which do 
not aflFect the relative proportion of stocked to un- 
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stocked area, such as laying-out of narrow roads, 
building of bridges, cutting of ditches. 

Changes outside the forest area affecting the sale 
of its produce, such as new lines of communication, 
railways, factories. 

All details should also be noted on the map if 
possible. 

The yearly coupes should be marked on the map in 
pencil. 

These changes should be put down in a note-book 
kept specially for the purpose, and of the following 
form : — 



Changes which have occnrred. 


Bemarks. 


1883. 
Coupes, — la. 3 acres cut clean 

1884. 

Coupes, — la. 2 acres cut clean 

^a. o ji jf • • . • • • 

Boundary-mark, No. 115 missing 


( Marked on map, Nov., 
) 1883. 

/ Marked on map, Nov., 

1 1884. 

/ Keplaced bystone marks 
t April, 1885. 



Abstract op the Estimated and Actual Quantity 

AND Value op the Cuttings. 

This should be drawn up for main-cuttings and 
thinnings (1) separately, and (2) together, as shown 
in the accompanying tables, subject to such modifica- 
tions as may in each case appear necessary. 



Booking Results, Sec. 
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3. Total Yield. 

The same form as the above, containing the sum of 
main-cutting and thinnings. 

General Abstract op Receipts and Expenditure. 

This is intended to show at a glance the gross and 
nett yield of the forest, and may be drawn up in the 
form opposite, subject to such modifications as cir- 
cumstances may require. 

Estimated and Actqal Quantity of, and BECEiprs 
AND Expenditure on Account of, Minor Produce.* 

This statement may be drawn up in the following 
form. When the receipts are small, or the produce is 
sold in a lump for the whole forest, the information 
contained in the remarks-column of the General 
Abstract will suffice, and this detailed statement be 
dispensed with. 



3 




43 

1 

o 



Whole 
forest 



Prodace estimated. 



a 

o 

% 

• l-l 

u 

o 

00 

p 



Right of 
grazing la 
compart- 
meots not 
in fence. 






& 



P 



Actnals. 



^ 

-H 






700 ... 



&c. 



(kc. 



c3 



The estimate is, as 

compared with the 

actuals, 



Quantity. 



^1 



O 0) 

o 



Value. 



H.5 Sg 



975 



Is 



275 



* Minor produce is all produce not woody (fruit, game, &c.). 



i 



- 






■ 




Nett 
return. 


Hemaxks. 

• 

1883.— The minor pro- 
duce sold consisted 
of the following 
items, and was col- 
lected and removed 
by purchasers them- 
selves. 

Beech-mast 25 shillings. 

Grass .975 ,, 

Total .1,000 


3 


1 


i 


6,591 

1 

! 
i 

1 

t 
» 

1, 

t 


ShiU 
12,950 


ings. 

56 
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Abstract of Gross and Nett Value of a Cubic 

Foot op Wood. 

This is an important statistical statement. It may 
be drawn up in the following form, subject to such 
modifications as circumstances may demand. 



Year. 


' Species and 
regime. 


Number of cubic 
feet cut. 


Gross 
value. 


Nett value. 


Remarks. 


Total. 


One 
cubic 
foot. 


1883 1 
1883 J 


Pines, clean ) 
cattings j 

Beech, natu- 
rally regene- 
rated seed- 
ling-forest. 


4,000 
Veto. 


1,000 

• « • 


650 
etc. 


•14 


' The average 
age of the 
pines was 
- about 60 
years ; of 
the beech, 
about 130. 
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SECTION VIL-EEVISIONS. 

At the end of each period, or sub-period, the general 
plan of operations will have to be revised, and detail- 
plans framed for working the forest during the fol- 
lowing period or decade. 

Sometimes serious calamities, such as damage by- 
insects and wind, will render an earlier revision neces- 
sary, and in forests worked intensively, or which are 
very irregular, it is generally advisable to have inter- 
mediate revisions at intervals of five years. 

Principal Revisions. 

The points to consider are (1). How the actual 
results compare with the estimate, and how the pro- 
posed plan has answered during the past period or 
decade. (2). The preparation of a new plan of opera- 
tions for the next period or decade. 

As regards the first point, it will be easily answered 
if the records have been properly kept, by comparing 
the estimate and the actuals. Each item (main- 
cuttings, thinnings, minor produce, etc.) should be 
taken, seriatim, and carefully examined. Mistakes in 
the original plan, or in the manner of carrying it out, 
will thus be brought to light, and steps can be taken 
to avoid their recurring, if possible, during the next 
period. An examination of the work done in the 
forest will show whether the cuttings were suitably 
located and their sequences satisfactory ; and also if 
other works, such as those of regeneration, road- 
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making, and cultivation, have been satisfactorily 
carried out in accordance with the plan, and with 
what results. 

Before commencing to prepare a fresh plan for the 
next decade, or period, the map and statements should 
be corrected so as to show the present situation. Sub- 
compartments, for which there is no longer any 
occasion, will be done away with on the map and in 
the statements ; and if new land has been taken up 
it will be apportioned to existing compartments, or 
made to constitute new compartments. It is well to 
prepare an entirely new map of groups. 

It will then be necessary to make an entirely fresh 
examination and assessment of the forest, or, at all 
events, of groups which it is intended to fell during 
the next period. A detail-plan of operations based 
on this estimate is then drawn np for the coming term 
in precisely the same manner as the previous one, 
but it will not be necessary to repeat the general 
description which preceded the plan for the first 
period. A few introductory remarks will suflBce to 
call attention to changes which may have occurred, 
and to the results of the working of the forest during 
the past period. 

Intermediate Revisions. 

The object of these is to show how the plan of 
operations has worked, and to make such alterations 
within the prescribed limits of the original plan as 
appear necessary, but neither fresh assessments of 
groups, nor a working plan for the next decade or 
period is made. The scope of intermediate revisions 
is, therefore, much more limited than that of principal 

B 2 
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revisions, and they partake more of the nature of an 
inspection than of a revision. They are, therefore, 
most useful in forests such as those belonging to the 
State, in which the work of the executive is controlled 
by superiors. They are also useful in cases in which 
unforeseen circumstances, such as windfalls on a large 
scale, or the sudden demand for a particular kind of 
produce, necessitate a change of working. It will 
then be a question whether an entirely new plan 
should be framed or not, or if the old one can be 
altered sufficiently to satisfy the new conditions. 



SECTION VIIL-CONVEESIONS. 

Coppice, and forests which have been treated by the 
primitive or composite method, have sometimes to 
be converted into regular seedling-forest. Considera- 
tions of sylviculture might render such a conversion 
desirable, as when the impoverishment of the soil 
necessitated a change of species and system {e.g. from 
deciduous to coniferous forest). Other considerations, 
again, may necessitate a change, such as questions 
of finance, or the wish to attain a more simple and 
regular system. Generally sppaking, the composite 
method is not suited to forests worked extensively, 
nor to those which are directly managed by men 
lacking intelligence, or a thorough knowledge of 
forestry. The principal objection to the primitive 
method is the difficulty of determining the sustained 
yield and of ensuring the regeneration of the forest. 
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Grebe* divides the material to be exploited in the 
conversion of primitive or composite forest into re- 
gular seedling-forest, into 

(1). Main-cuttings of the groups to be converted. 

(2). Improvement -thinnings of original standing 
stock, or cuttings which prepare the way for the 
main-cuttings. 

(3). Thinnings of converted groups. 

The forest should be divided into affectations of 
equal or nearly equal area. The same author gives, 
as an example, the case of a composite forest to be 
converted in four periods to regular seedling-forest, 
allotting groups to affectations in the order shown 
below. 

1st Period. 

1. Groups which are thoroughly exhausted to be 
cleared off, and the ground restocked artificially, t 



* Die Betriebs und Ertragsregelung^ p. 307. 

t Not necessarily cut "clean.'* In moist, tropical climates that 
would mean a growth of grass several feet high in the following 
}ear, which would be a great danger if left, and often a great 
expense if removed. 

Excepting under specially favourable conditions, such as may be 
found at high elevations, the chief obstacles to regeneration in India, 
and probably tropical climates generally, are : drought in the hot 
weather, which is almost sure to kill numbers of young seedlings 
planted out in the open unless they are watered — an expensive 
affair — and a more or less luxuriant growth of grass on bare land 
and in open forest, which may catch fire and bum them up unless 
removed. The expense of cutting this grass may be,* and probably 
generally is, very great, and cost much more than the prospective 
money-value of the plantation. There is the alternative in this case, 
however, of burning a fire-path all round the plantation to prevent 
fire from without, and of protecting the young growth by a vigilant 
look-out within. The outlay must in any case be liberal for effective 
protection, while the results are extremely uncertain, so far as I 
have been able to asccrtaia. In Europe, one of the chief obstacles 
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2. Groups with tolerably dense young-growth 
(underwood), consisting mainly of vigorous seedling 
or coppice-shoots of hard-woods. Most of the latter 
to be allowed to stand and grow into high forest. 

27id Period. 

3. Groups of suflBcient over wood to allow of a 
preparatory cutting for natural regeneration being 
made, but mostly deficient as regards underwood. 

3rtZ Period. 

4. Groups whose overwood is too sparse for a 
preparatory cutting, and which will, therefore, have 
to be prepared for it by improvement-cuttings and the 
retention of a large supply of stores. 

Ath Period. 

5. Groups which are deficient in both over and 
underwood, but which can be sufficiently prepared for 
regeneration by filling up blanks during the first 
period, and by retaining a large number of stores from 
the underwood. 

6. The wastes and coupes, stocked during the first 
period, if necessary. 



to natural regeneration is the precarious and more or less rare occur- 
rence of what is called " seed-years," which become more and more 
uncertain and infrequent the farther north we go ; and this is 
partly the reason why artificial regeneration is so much in favour 
in northern countries. In India most important species produce 
annually, after the age of fifty years or less, a good crop of fruit. 
This, and all other considerations, point to the advantage of having 
recourse in that country to natural regeneration, or, failing that, to 
artificial cultivation under the protection of foster-trees whenever 
practicable. 
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The course of the cuttings, as above arranged, would 
then be somewhat as follows : — 



Period. 


Groups under 

Headings 
(1) and (2). 


Groups under 
(8). 


Groups under 
(4). 


Groups under 
(5) and (6). 


I. 


Regeneration 
cuttings. 


Preparatory 
cuttings. 


Improvement 
cuttings. 


Improvement 
cuttings. 


IL 


Improvement 

cuttings 
and thinnings. 


Regeneration 
cuttings. 


Preparat >ry 
cuttings. 


Improvement 

cuttings 
and thinnings 


IIL 


Thinnings. 


Imptovement 

cuttings 
and thinnings. 


Regeneration 
cuttings. 


Preparatory 
cuttings. 


IV. 


Thinnings. 


Thinnings. 


Improvement 

and 

thinnings. 


Regeneration 
cuttings. 



The above example will serve to indicate the general 
course which events may be expected to take, but each 
case will have to be treated according to its special 
conditions. 

The yield for the first ten years will have to be 
estimated by an examination of the growth and con- 
tents of each group, or portion of a group, to be cut 
during the next decade, and a plan of operations 
drawn up similar to that already described for forests 
exploited by the combined method. It will not, 
however, be necessary to attempt to estimate the 
contents and increment of any groups beyond 
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those which are to be worked during the first 
decade. 

The improvement-cuttings will, of course, include 
the removal of very old standards which are not suit- 
able for natural regeneration, and it will, therefore, 
often be diflBcult to avoid felling an excess of large 
timber during the first period. 

The groups of later periods should be fixed pro- 
visionally, as the soundness of the plan for the first 
period will thereby be more generally demonstrated. 
But as time goes on, it may be found necessary to 
transpose groups from one period to another, it being 
impossible to predict positively which groups will be 
most suitable for regeneration twenty or thirty years 
in advance. At the revisions every five or ten years the 
executive should bring to the notice of the revising 
officer alterations which appear advisable in this and 
other respects. 

The general principles to be followed in converting 
other kinds of irregular forest to regular seedling- 
forest are the same as for composite forest. The 
worst groups, and those most suitable for regene- 
ration, are cut first, and the rest "improved." A 
more simple plan is to regenerate the entire forest 
artificially, but that is not always a feasible one ; it is 
always a much more expensive method. 
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PART IIL-MISCELLANEA. 



CHAPTER XXIV. 

INSURANCE-GROUPS, OR RESERVE-FUNDS. 

Insurance-Groups are groups specially set aside for 
the purpose of making good any deficiency of material 
which may arise from unforeseen circumstances, such 
as an excessive estimate of the quantity to be ex- 
ploited, losses owing to fire, insects, windfall, and so 
forth. They have not been found to answer. If taken 
from amongst exploitable groups with the intention of 
substituting from time to time younger groups, the 
arrangement interferes with a proper plan of cuttings ; 
whilst, if they are chosen from younger groups,' there 
is always the chance of their not being exploitable 
when required. 

Several other expedients for establishing a reserve 
fund have, therefore, been resorted to, such as length- 
ening the revolution beyond the proper term, reducing 
the estimated yield so and so much per cent*, neglecting 
the increment of groups to be cut during the first 
period, &c. 

Of these, the plan of lengthening the revolution, ol* 
of deducting a certain percentage from the estimated 
yield appears to be the least objectionable ; but these 



250 lieserve^Funds. 

and all others involve a sacrifice of revenue, and it is 
therefore difficult to understand why a certain loss 
should be incurred in order to avoid a possible one. 
The case is not at all analagous to that of an industrial 
undertaking in which a reserve-fund is formed. In 
the latter case no loss is incurred by the formation of 
a reserve - capital, which is invested either in the 
business itself, or in other funds, producing interest 
at the full market-rate, in proportion to the security it 
affords; whereas in forests the reserve-fund is invested 
at a lower rate of interest in funds, i.e., forest, which 
do not offer greater security than if they were made 
to return the proper rate on capital-outlay. How 
this question is decided may not be a matter of very 
much importance ; but as the principle of establishing 
reserve-funds in forests appears to be wrong, the 
simplest and best plan is evidently to dispense with 
them altogether. 
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CHAPTER XXV. 

ORGANIZATION OF THE PERSONNEL. 

This will depend in a great measure on the extent of 
the forests concerned. It is evident that the degree 
of division of labour which is possible in the manage- 
ment of forests comprising a million acres could not 
be applied with advantage to an estate of a thousand 
acres, and that private individuals will seldom be in a 
position to adopt the elaborate systems followed in the 
State- forests of European countries. 

The following plan is that usually adopted for the 
management of forests of large extent, such as those 
of most European countries : — 

The establishment consists of an inferior and a 
superior branch. 

The former consists of (1) guards and (2) rangers. 

(1). Guards, or Under-Foresters. 

The duty of these is, as the name implies, in the 

first place, protective. But, besides this, they are 

emploj^ed in the executive work of their beats, as, for 

instance, in supervising works of regeneration and 

felling. 

(2). Eangers, 

Or, Range-foresters, have immediate charge of the 
executive work of a range^ and are responsible for its 
proper conduct to the assistant-conservator. 
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The superior branch consists of (1) Assistant-Con- 
servators, (2) Deputy- Conservators, (3) Conservators, 
and, in certain cases, of (4) an Inspector-General. 

(1). ASSISTANT-CONSEBVATOKS. 

An Assistant-Conservator has charge of several 
ranges, called, collectively, a suhdtvismi. Besides 
the general management of the work of the sub- 
division, the accounts of each range are audited, and 
have to be passed by him before payment is made. 

(2). Deputy-Conservatoes. 

A Deputy-Conservator lias charge of several sub- 
divisions, called, collectively, a division. His duty is 
purely to control, and he does not, as a rule, interfere 
with the executive work of the Assistant-Conserva- 
tors ; but it is his business to see that the general 
provisions of the sanctioned working schemes and 
yearly budget of his division are properly carried out, 
and to audit and pass the accounts of the sub- 
divisional oJBScers. 

(3). CONSERVATOrvS. 

A Conservator has general control of several divi- 
sions, collectively called a circle, comprising all the 
forests of the State, or, if they are very extensive, of a 
province only. He is the immediate adviser of 
Government in all forest matters concerning his 
circle ; holds, in fact, in this respect, much the same 
position as an Under-Secretary of State, and usually 
has his head-quarters at the seat of government. 
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(4). Inspeotoes-General. 

An Inspector- General stands in the same relation 
to a supreme government as a conservator to its local 
government, and exercises a general supervision over 
the whole system of a country. 

It will be observed that by this system the adminis- 
tration is divided into an executive and a controlling 
branch, the former consisting of Assistant-Conserva- 
tors and their subordinates, and the latter of Deputy- 
Conservators and oflScers of superior rank. 

Members of the inferior establishment do not, as a 
rule, rise higher in the service. A much lower 
standard of general and technical education is de- 
manded from them than from the members of the 
superior branch, and they are, therefore, generally 
unfitted for the higher appointments. 

The size of ranges, subdivisions, divisions, or circles, 
depends on local circumstances, such as the degree of 
intensiveness of the working, compactness of the forest 
area, mode of treatment and means of communication. 
It is, for instance, evident that, other things being 
equal, a Deputy-Conservator could manage a larger 
division where there was railway communication than 
where there was none. It is equally obvious that a 
Eanger could manage a much larger forest worked by 
the method of equal areas, and solely with a view to 
producing firewood-coppice, than a seedling-forest 
worked by the combined method with a view to the 
production of large timber and naturally regenerated. 
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CHAPTER XXVI. 

CHOICE OF AN ORGANIZER. 

Should the sub-divisional officer who has been in im- 
mediate charge of the forest, perhaps for many years, 
be entrusted with the preparation of a plan, or should 
a special branch of the executive be employed, whose 
sole business is to prepare plans of management ? 

In regard to this question opinions are divided. Of 
course it is one which can only arise in regard to large 
tracts of forest belonging to one proprietor — the State, 
for example. A small proprietor would not be able to 
keep a special staff fully employed. 

It has been urged in favour of the local' official's 
conducting the organization and revision pf a forest 
that he must know the special conditions far better 
than other people, and that he would take much more 
interest in the carrying-out of his own programme 
than that of another. 

On the other hand, it has been maintained that the 
special practical knowledge and skill necessary to 
organize a forest successfully cannot be acquired in 
the ordinary routine of an executive officer, who would 
probably not be called upon to carry out a work of this 
kind more than a few times during his whole career ; 
that by constant practice a special branch would attain 
the necessary proj&ciency ; that if the work is done by 
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a small body of men, it is more likely to be uniformly 
carried out tlian by a number of different persons; 
that the officer in charge is not the proper person to 
revise his own work ; that he will be always there to 
assist and advise the organizer. 

A large majority of countries, including India, have 
adopted the system of having works of organization 
carried out by a separate branch of the service ; and 
some have gone still further, and constituted a dis- 
tinct survey - branch as well as an assessment- 
branch. As a rule, the separation of these two 
departments of organization is not desirable. Perhaps 
it conduces towards efficiency, if a part of the 
staff is exclusively employed in surveying and the 
other in assessment, but the work of the two is so 
intimately connected, that it is expedient they should 
both be under one head. 

The composition of the organization-staff depends 
on special circumstances. Sometimes a good plan is 
to have a board of senior officers, presided over by the 
principal officer. All organization schemes are sub- 
mitted for the approval of, and have to be passed by, 
this board, the members of which carry on the work in 
addition to their ordinary controlling duties. Under 
the board is the working-staff, which carries out the 
works of organization, and which is recruited by 
drafting men into it from the ordinary branch of 
the service after they have served a few years and 
become thoroughly acquainted with the working of a 
sub-division. 

This system is only suitable for districts in which 
the head-quarters of the controlling officers on the 
board are all in one place. Bach member looks spe- 
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oially after the working of the plans in his own 
division, and generally conducts the revisions in 
person. 

An important duty of the organization -branch is to 
collect and work up statistics. The business of col- 
lating statistics and drawing general inferences is 
best done by a central institution of this kind, and 
much useful work would often be lost without a trained 
staff, whose special duty is to work up details collected 
in different parts of the country : the " Bavarian 
tables," which have proved so useful, not only ia 
Bavaria, but throughout Germany, are a case in point ; 
they would probably never have been constructed if 
there had not been a central organization-department 
at Munich. 

Speaking generally, the result of the argument 
appears to be in favour of having this kind of work 
done by a special branch; but not always, as cir- 
cumstances may without doubt arise which render the 
alternative course advisable, as, for instance, when the 
aggregate area of forests requiring to be organized is 
so great that their organization could not be accom- 
plished within a reasonable period by a necessarily 
limited staff, or when the methods to be employed are 
so simple that their execution does not require any 
special skill. 
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CHAPTER XXVII. 

TABLES. 

In the first set of the following tables (pages 259 to 
266) the areas, in square feet, of circles corresponding 
to diameters, in inches, are given. 

Exa/mjple. — ^What is the area of the base of a stem whose diameter 
is 15-3 inches 1 

Look up in the diameter-column the diameter 15' 3. In the next 
column on the right, immediately opposite 15-3, will be found 1 '27676, 
which is the area, in feet, of a circle whose diameter is 15*3 inches. 

The second set of tables (beginning at page 267) 
serves a double purpose. 

(1). To show the solid contents of logs and cylinders 
of given height and diameter at centre. 

Eocample, — A log 31 feet long is found to have a diameter of 
41^ inches at its centre, what is its cubic contents % 

Look up in the column headed " 4H inches " the number 
opposite 31 in the column headed " Length or Number of Stems." 
This number, namely, 291*20, shows the contents of the log in cubic 
feet, 

(2). To find the sum of the basal areas of a number 
of stems of the same diameter. 

Example, What is the sum of the basal areas of 250 stems of 
diameter 14 J inches, each 1 

Look up in the column headed " 14J inches diameter," the number 
opposite 200 in the first column headed " Length, or Number of 
Stems." This number, namely, 229*35, gives the sum of the basal 
areas of 200 stems, in square feet. 

S 
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To this must be added the sum of 50 more basal areas to make up j 

the total, 250. Look up, therefore, the number, namely, 57*34, < 
uuder columa headed ^' 14j^ inches diameter," and opposite the 

number 50 of the first column, and add 57*34 to 229*35, the contents ! 

already found of 200 stems ; the sum is the required result, n^imely | 
286*69 square feet. 
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Tables shotoing the Areas of 




0*6 

6 

7 

75 

8 

9 

10 
1 
2 
25 
3 
4 
5 
6 
7 

75 
8 
9 

2-0 
1 
2 
25 
3 
4 
5 
6 
7 

75 
8 
9 

3-0 
1 

2 

25 

3 

4 

5 

6 



«g. ft, 

0*001364 
0-001964 
0002673 
0-003068 
0-003491 
0-004418 

0005454 
0-006600 
0-007854 
0-008522 
0-009218 
0010690 
0-012272 
0013963 
0-015763 
0-016703 
0-017671 
0-019690 

0-021817 
0-024053 
0-026398 
0-027612 
0-028853 
0-031416 
0-034088 
0-036870 
0-039761 
0-041247 
0042761 
0-045869 

0-049087 
0-052414 
0-055851 
0-057610 
0-059396 
0-063050 
0-066813 
0-070686 




8-7 

75 

8 

9 

4-0 
1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

5-0 
1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

6-0 

1 

2 

25 

3 

4 

5 

6 

7 

75 



0-074667 
0076699 
0-078758 
0-082958 

0087266 
0-091684 
0-096211 
0-098516 
0-100847 
0-105592 
0-110447 
0-115410 
0-120482 
0-123059 
0-125664 
0-130954 

0-136354 
0-141862 
0-147480 
0-150330 
0-153207 
0-169043 
0-164988 
0-171042 
0-177205 
0-180328 
0-183478 
0-189859 

0-196349 
0-202949 
0-209658 
0-213053 
0-216475 
0-223402 
0-230438 
0-237583 
0-244837 
0-248505 




in. 

6*8 

9 

7-0 
1 
2 
25 
3 
4 
5 
6 
7 
75 
8 
9 

8-0 

1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

9-0 
1 
2 
25 

. 3 
4 
5 
6 
7 

75 
8 
9 



$q. ft. 
0-252200 
0-259672 

0-267253 
0-274944 
0-282743 
0-286684 
0-290652 
0-298669 
0-306796 
0-315032 
0-323377 
0-327590 
0-331830 
0-340394 

0-349066 
0-357847 
0-366737 
0-371223 
0-375736 
0-384845 
0-394062 
0-403389 
0-412825 
0-417583 
0-422369 
0-432023 

0-441786 
0-451658 
0-461639 
0-466671 
0-471729 
0-481929 
0-492237 
0-502664 
0-513181 
0-518485 
0-523817 
0-534561 



I 



.r 






I 



r 



100 

1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

11-0 
1 
2 

25 
3 
4 
5 

6 

7 

75 

8 

9 

120 
1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

130 

1 



9q. ft, 

0-545416 
0-666378 
0-567450 
0-573027 
0-578631 
0-589921 
0-601320 
0-612828 
0-624446 
0-630295 
0-636172 
0-648008 

0-669952 
0-672006 
0-684169 
0-690291 
0-696440 
0-708821 
0-721311 
0-733910 
0-746619 
0-763014 
0-769436 
0-772362 

0-786398 
0-798642 
0-811796 
0-818463 
0-825168 
0-838630 
0-862211 
0-866901 
0-879700 
0-886640 
0-893608 
0-907626 

0-92175 
0-93599 
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1 

I 


Area of 
corresponding 
circle. 


• 

Diameter. 


Area of 

corresponding 

drclej 


1 

o 


Area of 

corresponding 

circle. 


i 
1 


Area of 

corresponding 

circle. 




in, 

13-2 


8q, ft, 

0-95033 


in, 

16-3 


sq, ft, 

1-44911 


in. 

19-5 


sq, ft. 

2-07394 


in, 

227 


sq, ft, 

2-81047 




25 


0-95754 


4 


1-46695 


6 


2-09527 


76 


2-82286 




3 


0-96479 


5 


1-48489 


7 


2-11670 


8 


2-83529 




4 


0-97935 


6 


1-50295 


76 


2-12746 


9 


2-86021 




5 


0-99402 


7 


1-52111 


8 


2-13825 








6 


1-00880 


75 


1-53023 


9 


215990 


230 


2-88525 




7 


1-02369 


8 


1-53938 






1 


2-91039 




75 


1-03118 


9 


1-55776 


20-0 


2-18166 


2 


2-93564 




8 


1-03869 






1 


2-20353 


25 


2-94831 


\ 


9 


1-05380 


17-0 


1-57625 


2 


2-22551 


3 


2-96100 








1 


1-59485 


26 


2-23654 


4 


2-98647 




14-0 


1-06901 


2 


1-61356 


3 


2-24760 


6 


3-01205 




1 


1-08434 


25 


1-62295 


4 


2-26980 


6 


3-03774 




2 


1-09978 


3 


1-63237 


6 


2-29211 


7 


3-06354 




25 


1-10753 


4 


1-65130 


6 


2-34152 


76 


3-07648 




3 


1-11532 


5 


1-67033 


7 


2-33705 


8 


3-08945 




4 


1-13097 


6 


1-68948 


75 


2-34835 


9 


3-11547 




5 


1-14674 


7 


1-70873 


8 


2-35968 








6 


1-16261 


75 


1-71840 


d 


2-38243 


24-0 


3-14159 




7 


1-17859 


8 


1-72809 






1 


3-16783 




75 


1-18662 


9 


1-74756 


21-0 


2-40528 


2 


3-19417 




8 


1-19468 






1 


2-42824 


25 


3-20738 




9 


1-21088 


18-0 


1-76715 


2 


2-45131 


3 


3-22062 








1 


1-78683 


25 


2-46289 


4 


3-24718 




15-0 


1-22718 


2 


1-80663 


3 


2-47449 


6 


3-27385 




1 


1^24360 


25 


1-81657 


4 


2-49778 


6 


3-30063 




2 


1-26013 


3 


1-82654 


5 


2-52118 


7 


3-32752 




25 


1-26843 


4 


r84656 


6 


2-54469 


76 


3-34101 




3 


r27676 


5 


1-86668 


7 


2-56831 


8 


3-35452 




4 


1-29351 


6 


1-88692 


75 


2-58015 


9 


3-38163 




5 


1-31036 


7 


1-90726 


8 


2-59203 








6 


1-32732 


• 75 


1-91748 


9 


2-61587 


25-0 


3-40884 




7 


1-34439 


8 


1-92772 






1 


3-43617 




75 


1-35297 


9 


1-94828 


22-0 


2-63981 


2 


3-46360 


• 


8 


1-36157 






1 


2-66386 


26 


3-47736 




9 


1-37886 


190 


1-96895 


2 


2-68802 


3 


3-49115 








1 


1-98973 


25 


2-70015 


4 


3-51880 




160 


1-39626 


• 2 


2-01062 


3 


2-71229 


5 


3-54656 




1 


1-41377 


25 


2-02110 


4 


2-73667 


6 


3-57443 




2 


1-43139 


3 


203162 


5 


2-76116 


7 


3-60241 


1 


25 


1-44024 


4 


205272 


6 


2-78576 


76 


3-61644 
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• 


Area of 

corresponding 

circle. 


1 


Area of 

corresponding 

circle. 




Area of 

corresponding 

circle. 


1 


Area of 

corresponding 

circle. 


in, 

25-8 


$q. ft 
3-63050 


ifu 

29-0 


•g. ft, 
4-58694 


in, 

322 


§q,ft. 
6-65508 


in. 

35-3 


sq. ft. 
6-79636 


9 


3-65870 


1 


4-61863 


25 


5-67266 


4 


6-83492 






2 


4-65043 


3 


5-69026 


5 


6-87359 


26-0 


3-68701 


25 


4-66637 


4 


5-72555 


6 


6-91237 


1 


3-71542 


3 


4-68233 


5 


5-76096 


7 


6-95126 


2 


3-74395 


4 


4-71435 


6 


5-79645 


75 


6-97075 


25 


3-75825 


5 


4-74647 


7 


5-83207 


8 


6-99026 


3 


3-77258 


6 


4-77871 


75 


5-84992 


9 


7-02936 


4 


3-80132 


7 


4-81105 


8 


5-86779 






5 


3-83018 


75 


4-82726 


9 


5-90363 


360 


7-06858 


6 


3-85914 


8 


4-84350 






1 


7-10790 


7 


3-88821 


9 


4-87607 


330 


5-93957 


2 


714734 


75 


3-90279 






1 


5-97562 


25 


7-16709 


8 


3-91739 


300 


4-90874 


2 


6-01178 


3 


7-18688 


9 


3-94668 


1 


4-94151 


25 


6-02990 


4 


7-22653 






2 


4-97440 


3 


6-04805 


5 


7-26629 


27-0 


3-97608 


25 


4-99089 


4 


6-08443 


6 


7-30616 


1 


400558 


3 


5-00740 


5 


6-12092 


7 


7-34614 


2 


4-03520 


4 


5-04051 


6 


6-15752 


75 


7-36617 


25 


4-05005 


5 


5-07372 


7 


6-19422 


8 


7-38623 


3 


4-06492 


6 


5-10705 


75 


6-21262 


9 


7-42643 


4 


4-09476 


7 


5-14048 


8 


6-23104 






5 


4-12470 


75 


515724 


9 


6-26796 


37-0 


7-46673 


6 


4-15475 


8 


5-17403 






1 


7-50715 


7 


418492 


9 


5-20768 


34-0 


6-30500 


2 


7-54767 


75 


4-20004 






1 


6-34214 


25 


7-56797 


8 


4-21519 


310 


5-24144 


2 


6-37939 


3 


7-58830 


9 


4-24557 


1 


5-27531 


25 


6-39806 


4 


7-62905 






2 


5-30929 


3 


6-41675 


5 


7-66990 


280 


4-27605 


25 


5-32632 


4 


6-45422 


6 


7-71086 


1 


4-30665 


3 


5-34338 


5 


6-49180 


7 


7-75193 


2 


4-33736 


4 


5-37757 


6 


6-52949 


75 


7-77251 


25 


4-35275 


5 


5-41188 


7 


6-56729 


8 


7-79311 


3 


4-36817 


6 


5-44630 


75 


6-58623 


9 


7-83440 


4 


4-39910 


7 


5-48082 


8 


6-60519 






5 


4-43013 


75 


5-49812 


9 


6-64321 


380 


7-87679 


6 


4-46128 


8 


5-51546 






1 


7-91730 


7 


4-49253 


9 


5-55020 


35-0 


6-68133 


2 


7-95891 


75 


4-50820 






1 


6-71957 


25 


7-97976 


8 


4-52389 


32-0 


5-58505 


2 


6-75791 


3 


8-00064 


9 


4-55536 


1 


5-62001 


25 


6-77712 


4 


8-04247 
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^ 




60 




to 




ta 


i 


^•1 


1 


.a 

o a 6 


i 


's'i 6 


1 


o a A 


I 


d 2 -3 


I 


s 


1 

s 




i 

s 


- o '1 

8 


in. 


«g. ft. 


in. 


sq, ft. 


in. 


sq, ft. 


vn. 


sq. ft. 


38-5 


8-08441 


41-7 


9-48417 


44-8 


10-94670 


480 


12-56636 


6 


8-12647 


75 


9-50693 


9 


10-99562 


1 


12-61878 


7 


8-16863 


8 


9-52971 






2 


12-67130 


75 


8-18975 


9 


9-57536 


450 


11-04465 


25 


12-69760 


8 


8-21090 






1 


11-09380 


3 


12-72393 


9 


8-25327 


420 


9-62112 


2 


11-14305 


4 


12-77667 






1 


9-66699 


25 


11-16771 


5 


12-82952 


390 


8-29576 


2 


9-71297 


3 


11-19224 


6 


12-88248 


1 


8-33836 


25 


9-73600 


4 


11-24188 


7 


12-93556 


2 


8-38107 


3 


9-75906 


5 


11-29145 


75 


12-96213 


25 


8-40246 


4 


9-80525 


6 


11-34114 


8 


12-98873 


3 


8-42388 


5 


9-85156 


7 


11-39084 


9 


13-04202 


4 


8-46680 


6 


9-89797 


75 


11-41588 






6 


8-50984 


7 


9-94450 


8 


11-44084 


49-0 


13-09541 


6 


8-55298 


75 


9-96780 


9 


11-49086 


1 


13-14892 


7 


8-59623 


8 


9-99113 






2 


13-20253 


75 


8-61790 


9 


10-03787 


460 


11-54098 


25 


13-22938 


8 


8-63959 






1 


11-59121 


3 


13-25626 


9 


8-68306 


43-0 


10-08472 


2 


11-64156 


4 


13-31009 






1 


10-13168 


25 


11-66677 


5 


13-36403 


400 


8-72664 


2 


10-17875 


3 


11-69201 


6 


13-41808 


1 


8-77033 


25 


10-20233 


4 


11-74257 


7 


13-47224 


2 


8-81413 


3 


10-22593 


5 


11-79324 


75 


13-49936 


25 


8-83606 


4 


10-27322 


6 


11-84401 


8 


13-52651 


3 


8-85803 


5 


10-32061 


7 


11-89490 


9 


13-58089 


4 


8-90205 


6 


10-36812 


75 


11-92039 






5 


8-94617 


7 


10-41574 


8 


11-94590 


500 


13-63537 


6 


8-99040 


75 


10-43958 


9 


11-99700 


1 


13-68997 


7 


9 03475 


8 


10-46346 




^ 


2 


13-74468 


75 


9-05696 


9 


10-51129 


47-0 


12-04822 


25 


13-77207 


8 


9.-07920 






1 


12-09954 


3 


13-79949 


9 


9-12376 


440 


10-55923 


2 


12-15097 


4 


13-85441 






1 


10-60728 


25 


12-17673 


5 


13-90945 


41-0 


9-16843 


2 


10-65545 


3 


12-20251 


6 


13-96459 


1 


9-21321 


25 


10-67957 


4 


12-25417 


7 


14-01984 


2 


9-25809 


3 


10-70371 


5 


12-30593 


75 


14-04750 


25 


9-28058 


4 


10-75209 


6 


12-35779 


8 


14-07520 


3 


9-30309 


5 


10-80058 


7 


12-40977 


9 


14-13067 


4 


9-34820 


6 


10-84918 


75 


12-43580 






5 


9-39341 


7 


10-89788 


8 


12-46186 


51-0 


14-18624 


6 


9-43873 


75 


10-92228 


9 


12-51406 


1 


14-24193 
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i 




J 






ma 

i 



61-2 

26 
3 

4 

5 

6 

7 

75 

8 

9 

620 
1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

630 
1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

64-0 
1 
2 
25 



•f. A 
14-29773 

14-32667 

14-36363 

14-40965 

14-46677 

14-62200 

14-67835 

14-60655 

14-63479 

14-69135 

14-74802 
14-80480 
14-86169 
14-89017 
14-91868 
14-97579 
15-03298 
1509032 
15-14776 
15-17651 
15-20530 
15-26296 

15-32071 
15-37858 
15-43655 
15-46558 
15-49464 
15-55284 
15-61114 
15-66955 
15-72808 
15-75738 
15-78671 
15-84545 

15-90430 
15-96326 
16-02233 
16-05190 



64*3 
4 
6 
6 
7 

76 
8 
9 

660 
1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

66-0 
1 
2 
26 
3 
4 
5 
6 
7 

75 
8 
9 

67-0 
1 

2 

25 
3 
4 



9q. ft 

16-08161 
16-14079 
16-19919 
16-26969 
16-31931 
16*34916 
16-37903 
16-43886 

16-49880 
16-55885 
16-61901 
16-64913 
16-67928 
16-73966 
16-80015 
16-86074 
16-92146 
16-95184 
16-98227 
17-04318 

17-10421 
17-16536 
17-22661 
17-25727 
17-28796 
17-34943 
17-41101 
17-47270 
17-53450 
17-56543 
17-69640 
17-65841 

17-72053 
17-78277 
17-84511 
17-87632 
17-90766 
17-97012 



tn. 

67-6 
6 
7 

75 
8 
9 

680 
1 

2 

25 

3 

4 

6 

6 

7 

76 

8 

9 

690 
1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

600 

1 

2 

26 

3 

4 

5 

6 



9q. ft 
18-03278 
18-09556 
18-16846 
18-18993 
18-22144 
18-28455 

18-34776 
18-41108 
18-47451 
18-50627 
18-63806 
18-60170 
18-66746 
18-72933 
18-79331 
18-82534 
18-85740 
18-92169 

18-98590 
19 05031 
19-11483 
19-14713 
19-17946 
19-24420 
19-30906 
19-37401 
19-43908 
19-47166 
19-50426 
19-56954 

19*63494 
19-70044 
19-76606 
19-79891 
19-83178 
19-89761 
19-96355 
20-02960 



607 

76 

8 

9 

61-0 

1 

2 

26 

3 

4 

6 

6 

7 

75 

8 

9 

620 
1 
2 

25 
3 

4 

6 

6 

7 

75 

8 

9 

63-0 
1 

2 

25 

3 

4 

6 

6 

7 

76 



$q, ft. 

20-09576 
20-12888 
20-16203 
20-22841 

20-29489 
20-36149 
20-42819 
20-46158 
20-49600 
20-56193 
20-62896 
20-69610 
20-76336 
20-79701 
20-83071 
20-89818 

20-96576 
21-03344 
21-10123 
21-13517 
21-16914 
21-23716 
21-30627 
21-37350 
21-44185 
21-47606 
21-51029 
21-67885 

21-64752 
21-71630 
21-78518 
21-81967 
21-85418 
21-92328 
21-99250 
22-06182 
22-13125 
22-16601 



Ovrclet for Qiven Diameters, 
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I 

4 



■s 



8 



I 

P 



&0 



"Sd <£ 



I 



r 






o d a5 

I 8-3 



i 



"8 



*ll 



4 



♦n. 

638 

9 

64-0 
1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

65-0 
1 

2 

26 

3 

4 

5 

6 

7 

75 

8 

9 

660 

1 

2 

25 
3 
4 
.5 
6 
7 
75 
8 
9 



^9* f^* 

22-20079 
22-27044 

22-34020 
22-41007 
22-48004 
22-51507 
22-55013 
22-62032 
22-69063 
22-76104 
22-83156 
22-86686 
22-90219 
22-97293 

23-04378 
23-11474 
23-18581 
23-22138 
23-25699 
23-32827 
23-39967 
23-47117 
23-54278 
23-57863 
23-61451 
23-68634 

23-75828 
23-83033 
23-90249 
23-93861 
23-97475 
24-04713 
24-11961 
24-19221 
24-26491 
24-30131 
24-33773 
24-41065 



670 
1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

680 
1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

690 

1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

700 
1 



sq^, ft, 

24-48368 
24-55682 
24-63007 
24-66673 
24-70343 
24-77689 
24-85047 
24-92416 
24-99795 
25-03489 
25-07185 
25-14587 

25-21999 
25-29422 
25-36856 
25-40577 
25-44301 
25-51757 
25-59224 
25-66701 
25-74190 
25-77938 
25-81689 
25-89200 

• 

25-96721 
26-04253 
26-11796 
26-15572 
26-19350 
26-26915 
26-34491 
26-42078 
26-49675 
26-53478 
26-57284 
26-64903 

26-72534 
26-80175 



70-2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

71-0 
1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

72-0 
1 
2 

25 
3 
4 
5 
6 
7 

75 
8 
9 

73-0 
1 

2 
25 



sq, ft. 

26-87827 
26-91657 
26-95490 
27-03164 
27-10849 
27-18545 
27-26251 
27-30109 
27-33969 
27-41698 

27-49437 
27-57187 
27-64949 
27-68833 
27-72721 
27-80504 
27-88298 
27-96103 
28-03919 
28-07831 
28-11745 
28-19583 

• 

28-27431 
28-35290 
28-43161 
28-47100 
28-51042 
28-58935 
28-66838 
28-74752 
28-82676 
28-86643 
28-90612 
28-98559 

29-06517 
29-14485 
29-22464 
29-26458 



73-3 

4 

5 

6 

7 

75 

8 

9 

740 
1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

750 
1 
2 
25 
3 
4 
5 
6 
7 
75 
8 
9 

760 
1 

2 
25 
3 
4 



8q. ft. 

29-30455 
29-38456 
29-46468 
29-54491 
29-62525 
29-66546 
29-70570 
29-78626 

29-86693 
29-94770 
30-02859 
30-06907 
30-10958 
30-19068 
30-27190 
30-35322 
30-43465 
30-47540 
30-51619 
30-59784 

30-67959 
30-76146 
30-84344 
30-88447 
30-92552 
31-00772 
31-09002 
31-17243 
31-25495 
31-29625 
31-33758 
31-42032 

31-50317 
31-58613 
31-66919 
31-71077 
31-75237 
31-83566 
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Tables showing the Arenas of 



ta 



s 







I 



s 



i 









I 



p 



I 



60 

a 
o a q; 



♦n. 


fg. /». 


in. 


sq, ft. 


76-5 


31-91906 


797 


34-64626 


6 


32-00265 


75 


34-68873 


7 


3208616 


8 


34-73225 


76 


32-12801 


9 


34-81935 


8 


32-16989 






9 


32-26372 


800 


34 90656 






1 


34-99388 


77-0 


32-33766 


2 


35-08131 


1 


32-42170 


25 


35 12507 


2 


32-60686 


3 


35-16885 


25 


32-64798 


4 


35-25650 


3 


32-69013 


5 


36-34426 


4 


32-67450 


6 


36-43212 


5 


32-76899 


7 


35-62010 


6 


32-84358 


75 


35-56413 


7 


32-92829 


8 


35-60818 


76 


32-97068 


9 


35-69638 


8 


3301310 






9 


33-09802 


810 


35-78468 






1 


35-87309 


780 


33-18305 


2 


35-96161 


1 


33-26819 


25 


36-00591 


2 


33-35344 


3 


36-05024 


26 


33-39610 


4 


36-13898 


3 


33-43879 


5 


36-22783 


4 


33-52426 


6 


36-31679 


6 


33-60984 


7 


36-40586 


6 


33-69552 


. 75 


36-45043 


7 


33-78131 


8 


36-49503 


75 


33-82425 


9 


36-58431 


8 


33-86722 






9 


33-95323 


820 


36-67370 






1 


36-76321 


79-0 


34-03935 


2 


36-85282 


1 


34-12558 


25 


36-89767 


2 


34-21192 


3 


36-94254 


25 


34-25513 


4 


37-03237 


3 


35-29837 


5 


37-12231 


4 


34-38493 


6 


37-21236 


5 


34-47159 


7 


37-30251 


6 


34-66836 


75 


37-34763 



82-8 

9 

83-0 
1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

84-0 
1 

2 

25 

3 

4 

5 

6 

7 

75 

8 

9 

86-0 
1 

2 

25 

3 

4 

6 

6 

7 

75 

8 

9 



$q. ft. 


in. 


37-39278 


860 


37-48316 


1 




2 


37-57364 


25 


37-66423 


3 


37-76494 


4 


37-80033 


5 


37-84576 


6 


37-93667 


7 


38-02770 


75 


38-11884 


8 


38-21008 


9 


38-25575 




38-30144 


87-0 


38-39291 


1 




2 


38-48448 


25 


38-67617 


3 


38-66796 


4 


38-71395 


5 


38-75986 


6 


38-85187 


7 


38-94399 


75 


39-03622 


8 


39-12856 


9 


39-17477 




39-22101 


880 


39-31357 


1 




2 


39-40623 


25 


39-49901 


3 


39-59189 


4 


39-63837 


5 


39-68489 


6 


39-77799 


7 


39-87120 


75 


39-96452 


8 


40-05795 


9 


40-10471 




40-15149 


89 


40-24514 


1 



$q. ft. 
40-33889 
40-43276 
40-52673 
40-57376 
40-62082 
40-71501 
40-80931 
40-90373 
40-99825 
41-04565 
41-09288 
41-18761 

41 28246 
41-37742 
41-47248 
41-52006 
41-56766 
41-66294 
41-75834 
41-85384 
41-94945 
41-99730 
42-04517 
42-14100 

42-23694 
42-33299 
42-42914 
42-47726 
42-52541 
42-62178 
42-71827 
42-81486 
42-91156 
42-95995 
43-00837 
4310529 

43-20232 
43-29946 



Circles for Given Diameters. 
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i 


Area of 
corresponding 
circle. 


1 
1 

P 


Area of 

corresponding 

circle. 


J 
i 

.a 


Area of 

corresponding 

(5ircle. 


1 

§ 


Area of 

corresponding 

circle. 


in. 

89-2 


sq. ft. 

43-39671 


in. 

92-3 


sq. ft. 

46-46549 


in. 

955 


sq. ft. 

49-74321 


in. 

98-7 


sq. ft. 

53-13264 


25 


43-44537 


4 


46-56622 


6 


49-84744 


75 


53-18648 


3 


43-49406 


5 


46-66707 


7 


49-95178 


8 


53-24036 


4 


43-59153 


6 


46-76803 


75 


50-00400 


9 


53-34819 


5 


43-68911 


7 


46-86909 


8 


50-05623 






6 


43-78679 


75 


46-91967 


9 


50-16078 


990 


53-45612 


7 


43-88458 


8 


46-97027 






1 


53-56417 


75 


43-93352 


9 


47-07155 


960 


50-26545 


2 


53-67233 


8 


43-98248 






1 


50-37022 


25 


53-72645 


9 


44-08049 


93-0 


47-17294 


2 


50-47510 


3 


53-78059 






1 


47-27445 


25 


50-52759 


4 


53-88897 


900 


44-17861 


2 


47-37606 


3 


50-58010 


5 


53-99745 


1 


44-27684 


25 


47-42690 


4 


50-68520 


6 


54-10604 


2 


44-37518 


3 


47-47778 


5 


50-79041 


7 


54-21474 


25 


44-42439 


4 


47-57960 


6 


50-89573 


75 


5.4-26913 


3 


44-47363 


5 


47-68154 


7 


51-00116 


8 


54-32355 


4 


44-57219 


6 


47-78359 


75 


51-05391 


9 


54-43247 


5 


44-67085 


7 


47-88575 


8 


51-10669 






6 


44-76963 


75 


47-93687 


9 


51-21234 


1000 


54-54154 


7 


44-86851 


8 


47-98801 










75 


44-91799 


9 


48-09039 


97-0 


51-31810 






8 


44-96750 






1 


51-42396 






9 


45-06661 


940 


48-19287 


2 


51-52994 










1 


48-29546 


25 


51-58296 






910 


45-16582 


2 


48-39816 


3 


51-63602 






1 


45-26514 


25 


48-44956 


4 


51-74221 






2 


45-36457 


3 


48-50097 


5 


51-84851 






25 


45-41432 


4 


48-60389 


6 


51-95492 






3 


45-46410 


5 


48-70692 


7 


52-06144 






4 


45-56375 


6 


48-81006 


75 


52-11474 






5 


45-66351 


7 


48-91331 


8 


52-16807 






6 


45-76337 


75 


48-96497 


9 


52-27481 






7 


45-86335 


8 


49-01666 










75 


45-91338 


9 


49-12013 


98-0 


52-38166 






8 


45-96343 






1 


52-48861 






9 


46-06362 


950 


49-22370 


2 


52-59568 










1 


49-32739 


25 


52-64925 






920 


46-16393 


2 


49-43118 


3 


52-70285 






1 


46-26434 


25 


49-48312 


4 


52-81013 






2 


46-36486 


3 


49-53508 


5 


52-91753 


• 




25 


46-41516 


4 


49-63909 


6 


53-02503 







TABLES 

SHOWING 

(1) THE CUBIC CONTENTS OF LOGS AND CYLINDERS 

OF GIVEN DIAMETER; and 

(2) THE SUM OF THE BASAL AREAS OF STEMS OF 

THE SAME DIAMETER. 
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Tables 


showing the Cubic Contents, and Basal Areas, 


■u s 

t| 


DIAMETEB IN IKOHKR. 


2 


2J 


3 


Z\ 


4 


4J 


5 


5i 


















M g 






Cubic ob SquAKi F£bt. 






1 


002 


0-03 


05 


007 


009 


0-11 


0-14 


0-16 


2 


0-04 


007 


010 


013 


017 


0-22 


0-27 


0-33 


3 


0-07 


010 


0-15 


0-20 


0-26 


0-33 


0-41 


0-49 


4 


0-09 


0-14 


0-20 


0-27 


0-35 


0-44 


0-55 


0-66 


5 


Oil 


017 


0-25 


0-33 


0-44 


0-55 


0-68 


0-82 


6 


013 


20 


0-29 


0-40 


0-52 


0-66 


0-82 


0-99 


7 


0-15 


0-24 


0-34 


0-47 


0-61 


0-77 


0-95 


115 


8 


017 


0-27 


0-39 


0-63 


0-70 


0-88 


1-09 


1-32 


9 


0-20 


031 


0-44 


060 


0-79 


0-99 


1-23 


1-48 


10 


0-22 


0-34 


0-49 


0-67 


0-87 


1-10 


1-36 


1-65 


11 


0-24 


0-37 


0-54 


0-73 


0-96 


1-21 


1-50 


1-81 


12 


0-26 


0-41 


0-59 


0-80 


1-05 


1-33 


1-64 


1-98 


13 


0-28 


0-44 


0-64 


0-87 


M3 


1-44 


1-77 


2-14 


14 


0-31 


0-48 


0-69 


0-94 


1-22 


1-55 


1-91 


2-31 


15 


0-33 


0-51 


0-74 


100 


1-31 


1-66 


2 05 


2-47 


16 


0-35 


0-55 


0-79 


107 


1-40 


1-77 


2-18 


2-64 


17 


0-37 


0-58 


0-83 


1-14 


1-48 


1-88 


2-32 


2-80 


18 


0-39 


0-61 


0-88 


1-20 


1-57 


1-99 


2-45 


2-97 


19 


0-41 


0-65 


0-93 


1-27 


1-66 


2-10 


2-59 


313 


20 


044 


0-68 


0-98 


1-34 


1-75 


2-21 


2-73 


3-30 


?21 


0-46 


0-72 


103 


1-40 


1-83 


2-32 


2-86 


3-46 


22 


0-48 


0-76 


108 


1-47 


1-92 


2-43 


3-00 


3-63 


23 


0-50 


0-78 


113 


1-54 


2-01 


2-54 


314 


3-79 


24 


0-52 


0-82 


1-18 


1-60 


2-09 


2-65 


3-27 


3*96 


25 


0-55 


0-85 


1-23 


1-67 


2-18 


2-76 


3-41 


4-12 


26 


0-57 


0-89 


1-28 


1-74 


2-27 


2-87 


3-55 


4-29 


27 


0-59 


0-92 


1-33 


1-80 


2-36 


2-98 


3-68 


4-45 


28 


0-61 


0-95 


1-37 


1-87 


2-44 


3 09 


3-82 


4-62 


29 


0-63 


0-99 


1-42 


1-94 


2 53 


3-20 


3-95 


4-78 


30 


0-65 


1-02 


1-47 


2-00 


2-62 


3-31 


4-09 


4-95 


31 


0-68 


1-06 


1-52 


2-07 


2-71 


3-42 


4-23 


511 


32 


0-70 


1-09 


1-57 


214 


2-79 


3-53 


4-36 


5-28 


33 


0-72 


1-12 


1-62 


2-20 


2-88 


3-64 


4-50 


5-44 


34 


0-74 


1-16 


1-67 


2-27 


2-97 


3-76 


4-64 


6-61 


35 


0-76 


1-19 


1-72 


2-34 


3-05 


3-87 


4-77 


5-77 
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272 Tables showing the Ovine Contents^ and Basal Areas, 



th (feet) or 
er of Stems. 






DIAHITEB 


IN INOHSS. 






3 


Si 


a 


3i 


4 


4i 


5 


6i 


?-§ 


















H 






Ovmo OB 1 


SqUAU FlBT. 






71 


1-55 


2*42 


3-49 


4-74 


6-20 


7-84 


9-68 


11-71 


72 


1-67 


2-46 


3-64 


4-81 


6-28 


7-95 


9-82 


11-88 


73 


1-59 


2-49 


3-68 


4-88 


6-37 


8-06 


9-95 


12-04 


74 


1-61 


2-62 


3-63 


4-94 


6-46 


817 


1009 


12-21 


76 


1-64 


2-66 


3-68 


601 


6*64 


8-28 


10-23 


12-37 


76 


1-66 


2-69 


3-73 


6-08 


6-63 


8-39 


10-36 


12-54 


77 


1-68 


2-62 


3-78 


614 


6-72 


8-50 


10-60 


12-70 


78 


1-70 


2-66 


3-83 


6-21 


6-81 


8-61 


10-64 


12-87 


79 


1-72 


2 69 


3-88 


6-28 


6-89 


8-73 


10-77 


1303 


80 


1-76 


2-73 


3-93 


6-36 


6-98 


8-84 


10-91 


13-20 


81 


1-77 


2-76 


3-98 


6-41 


7-07 


8-96 


1104 


13-36 


82 


1-79 


2-80 


4-03 


6-48 


716 


906 


11-18 


13-63 


83 


1-81 


2-83 


4-07 


6-66 


7-24 


9-18 


11-32 


13-69 


b4 


1-83 


2-86 


4-12 


6-61 


7-33 


9-28 


11-45 


13-86 


85 


1-85 


2-90 


4-17 


6-68 


7-42 


9-39 


11-59 


14-02 


86 


1-88 


2 93 


4-22 


6-75 


7-60 


9-60 


11-73 


14-19 


87 


1-90 


2-97 


4-27 


6-81 


7-69 


9-61 


11-86 


14-35 


88 


1-92 


3-00 


4-32 


6-88 


7-68 


9-72 


12 00 


14-62 


89 


1-94 


3-03 


4-37 


6-96 


7-77 


9-83 


12-14 


14-68 


90 


1-96 


3-07 


4-42 


6-01 


7-85 


9-94 


12-27 


14-85 


91 


1-99 


3-10 


4-47 


6-08 


7-94 


10-06 


12-41 


15-01 


92 


2 01 


314 


4-62 


6-16 


8-03 


10-16 


12-54 


15-18 


93 


2 03 


317 


4-67 


6-21 


8-12 


10-27 


12-68 


15-34 


94 


2 05 


3-20 


4-61 


6-28 


8-20 


10-38 


12-82 


16-51 


96 


207 


3-24 


4-66 


6-35 


8-29 


10-49 


12-95 


16-67 


96 


2 09 


3-27 


4-71 


6-41 


8-38 


10-60 


13-09 


16-84 


97 


2-12 


3-31 


4-76 


6-48 


8-46 


10-71 


13-23 


16-00 


98 


2-14 


3-34 


4-81 


6-65 


8-66 


10-82 


13-36 


16-17 


99 


2-16 


3-37 


4-86 


6-61 


8-64 


10-93 


13-50 


16-33 


100 


2-18 


3-41 


4-91 


6-68 


8-73 


11-04 


13-64 


16-60 


200 


436 


6-82 


9-82 


13-36 


17-46 


22-09 


27-27 


33 00 


300 


6-54 


10-23 


14-73 


20-04 


26-18 


33-13 


40-91 


49-60 


400 


8-73 


13-64 


19-63 


26-73 


34-91 


4418 


54-54 


66-00 


500 


10-91 


17-04 


24-64 


33-41 


43-63 


5522 


68-18 


82-49 


600 


13 09 


20-46 


29-46 


40-09 


52-36 


66-27 


81-81 


98-99 


700 


16-27 


23-86 


34-36 


46-77 


61-09 


77-31 


96-45 


116-49 


800 


17-46 


27-27 


39-27 


63-45 


69-81 


88-36 


109-08 


131-99 


900 


19-63 


30-68 


44-18 


6013 


78-54 


99-40 


122-72 


148-49 


1000 


21-82 


3409 


49-09 


66-81 


87-27 


110-46 


136-36 


164-99 



of Logs and Cylinders of given Diameter. 



273 



Length (feet) or 
number of Stems. 






DIAMETER 


IN INCHES. 






6 


6i 


7 


n 


8 


8J 


9 


n 






Cubic ob Squabe Fbbt. 






1 


0-20 


0-23 


0-27 


0-31 


0-35 


0-39 


0-44 


0-49 


2 


0-39 


0-46 


0-53 


0-61 


0-70 


0-79 


0-88 


0-98 


3 


0-69 


0-69 


0-80 


0-92 


1-05 


M8 


1-33 


1-48 


4 


0-79 


0-92 


1-07 


1-23 


1-40 


1-58 


1-77 


1-97 


5 


0-98 


1-15 


1-34 


1-53 


1-75 


1-97 


2-21 


2-46 


6 


M8 


1-38 


1-60 


1-84 


2-09 


2-36 


2-66 


2-95 


7 


1-37 


1-61 


1-87 


2-15 


2-44 


2-76 


3 09 


3-45 


8 


1-57 


1-84 


214 


2-45 


2-79 


315 


3-53 


3-94 


9 


1-77 


2 07 


2-41 


2-76 


3-14 


3-55 


3-98 


4-43 


10 


1-96 


2-30 


3-67 


307 


3-49 


3-94 


4-42 


4-92 


U 


216 


2-53 


2-94 


3-37 


3-84 


4-33 


4-86 


5-41 


13 


2-36 


2-77 


3-21 


3-68 


4-19 


4-73 


5-30 


5-91 


13 


2-55 


3-00 


3-47 


3-99 


4-54 


5-12 


5-74 


6-40 


14 


2-75 


3-23 


3-74 


4-30 


4*89 


5-52 


619 


6-89 


15 


2*95 


3-46 


401 


4-60 


5-24 


5-91 


6-63 


7-38 


16 


314 


3-69 


4-28 


4-91 


5-59 


6-30 


707 


7-88 


17 


3-34 


3-92 


4-54 


5-22 


5-93 


6-70 


7-51 


8-37 


18 


2-53 


4-15 


4-81 


5-52 


6-28 


709 


7-95 


8-86 


19 


3-73 


4-38 


508 


5-83 


6-63 


7-49 


8-39 


9-85 


20 


3-93 


4-61 


5-35 


6-12 


6-98 


7-88 


8-84 


9-84 


21 


4-12 


4-84 


5-61 


6-44 


7-33 


8-28 


9-28 


10-34 


22 


4-32 


507 


5-88 


6-75 


7-68 


8-67 


9-72 


10-83 


23 


4-52 


5-30 


615 


7-06 


803 


9-06 


1016 


11-32 


24 


4-71 


5-63 


6-41 


7-36 


8-38 


9-46 


10-60 


11-81 


25 


4-91 


6-76 


6-68 


7-67 


8-73 


9-85 


11-04 


12-31 


26 


511 


5-99 


6-95 


7-98 


908 


10-25 


11-49 


12-80 


27 


5-30 


6-22 


7-22 


8-28 


9-42 


10-64 


11-93 


13-29 


28 


5-50 


6-46 


7-48 


8-59 


9-77 


1103 


12-37 


18-78 


29 


6-69 


6-68 


7-75 . 


8-90 


10-12 


11-43 


12-81 


14-27 


30 


5-89 


6-91 


8-02 


9-20 


10-47 


11-82 


13-25 


14-77 


81 


609 


7-14 


8-28 


9-51 


10-82 


12-22 


13-70 


15-26 


32 


6-28 


7-37 


8-55 


9-82 


11-17 


12-61 


14-14 


15-75 


33 


6-48 


7-60 


8-82 


10-12 


11-52 


1300 


14-58 


16-24 


34 


6-68 


7-83 


9-09 


10-43 


11-87 


13-40 


15-02 


16-74 


«* 


6-87 


8-07 


9-35 


10-74 


12-22 


13-79 


15-46 

• 


17-23 
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Tables 
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8| 

^g 




DUMETBR ] 


[N IN0HE8. 




' ' 


6 


6i 


7 


7i 


8 


8i 


9 


9i 




Cubic ob SqvABB Fbet. 






36 


7-07 


8-30 


9-62 


11-04 


12-57 


1419 


15-90 


17-72 


87 


7-26 


8-53 


9-89 


11-35 


12-92 


14-58 


16-35 


18-21 


38 


7-46 


I 8-76 


10-16 


11-66 


13-26 


14-97 


16-79 


18-71 


39 


7-66 


8-99 


10-42 


11-97 


13-61 


15-37 


17-23 


19-20 


40 


7-85 


9-22 


10-69 


12-27 


13-96 


15-76 


17-67 


19-69 


41 


8-05 


9-45 


10-96 


12-58 


14-31 


16-16 


18-11 


20-18 


'4S 


8-25 


9-68 


11-22 


12-89 


14-66 


16-55 


18-56 


20-67 


43 


8-44 


9-91 


11-49 


13-19 


1501 


16-94 


19-00 


21-17 


44 


8-64 


1014 


11-76 


13-50 


15-36 


17-34 


19-44 


21-66 


45 


8-84 


10-37 


12-03 


13-81 


15-71 


17-73 


19-88 


22-15 


46 


9-OS 


10-60 


12-29 


14-11 


16-06 


18-13 


20-32 


22-64 


47 


9-23 


10-83 


12-56 


14-42 


16-41 


18-52 


20-76 


23-14 


48 


9-42 


11-06 


12-83 


14-73 


16-76 


18-91 


21-21 


23-63 


49 


9-62 


11-29 


13-10 


15-03 


17-10 


19-31 


21-65 


24-12 


50 


9-82 


11-52 


13-36 


15-34 


17-45 


19-70 


2209 


24-61 


51 


10-01 


11-75 


13-63 


15-65 


17-80 


20-10 


22-53 


25-10 


52 


10-21 


11-98 


13-90 


15-95 


18-15 


20-49 


22-97 


25-60 


53 


10-41 


12-21 


1416 


16-26 


18-50 


20-89 


23-41 


26-09 


54 


10-60 


12-44 


14-43 


16-57 


18-85 


21-28 


23-86 


26-58 


55 


10-80 


12-67 


14-70 


16-87 


19-20 


21-67 


24-30 


27-07 


56 


11-00 


12-90 


14-97 


17-18 


19-55 


22-07 


24-74 


27-57 


57 


11-19 


13-13 


15-23 


17-49 


19-90 


22-46 


25-18 


28-06 


58 


11-39 


13-37 


15-50 


17-79 


20-25 


22-86 


26-62 


28-55 


59 


11-58 


13-60 


15-77 


18-10 


20-60 


23-25 


26-07 


29-04 


60 


11-78 


13-83 


16-04 


18-41 


20-94 


23-64 


26-51 


29-53 


61 


11-98 


14-06 


16-30 


18-71 


21-29 


24-04 


26-95 


30-03 


62 


12-17 


14-29 


16-57 


19-02 


21-64 


24-43 


27-39 


30-52 


63 


12-37 


14-52 


16-84 


19-33 


21-99 


24-83 


27-83 


3101 


64 


12-57 


14-75 


17-10 


19-64 


22-34 


25-22 


28-27 


31-50 


65 


12-76 


14-98 


17-37 


19-94 


22-69 


25-61 


28-72 


32-00 


66 


12-96 


15-21 


17-64 


20-25 


23-04 


26-01 


29-16 


32-49 


67 


1316 


15-44 


17-91 


20-56 


23-39 


26-40 


29-60 


32-98 


68 


13-35 


15-67 


18-17 


20-86 


23-74 


26-80 


30-04 


33-47 


69 


13-55 


15-90 


18-44 


21-17 


24-09 


27-19 


30-48 


33-96 


70 


13-74 


16-13 


18-71 


21-48 


24-43 


27-58 


30-93 


34-46 
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L (feet) or 
of Steins. 




DTAMTSTBB 


IN INCHES. 




t 


6 


61 


7 


n 


8 


8J 


9 


9i 


Ijs 
































H 




Cubic os Square Fekt. 






71 


13-94 


16-36 


18-97 


21-78 


24-78 


27-98 


31-37 


34-95. 


72 


14-14 


16-59 


19-24 


22-09 


25-13 


28-37 


31-81 


35-44 


73 


14-33 


16-82 


19-51 


22-40 


25-48 


28-77 


32-25 


35-93 


74 


14-53 


17-05 


19-78 


22-70 


25-83 


29-16 


32-69 


36-43 


75 


14-73 


17-28 


20-04 


2301 


26-18 


29-55 


33-13 


36-92 


76 


14-92 


17-51 


20-31 


23-32 


26-53 


29-95 


33-58 


37-41 


77 


15-12 


17-74 


20-58 


23-62 


26-88 


30-34 


34-02 


37-90 


78 


15-32 


17-97 


20-85 


23-93 


27-23 


30-74 


34-46 


38-39 


79 


15-51 


18-20 


21-11 


24-24 


27-58 


31-13 


34-90 


38-89 


80 


15-71 


18-44 


21-38 


24-54 


27-93 


31-52 


35-34 


39-38 


81 


15-90 


18-67 


21-65 


24-85 


28-27 


31-92 


35-78 


39-87 


82 


16-10 


18-90 


21-91 


25-16 


28-62 


32-31 


36-23 


40-36 


83 


16-30 


19-13 


22-18 


25-46 


28-97 


32-71 


36-67 


40-86 


84 


16-49 


19-36 


22-45 


25-77 


29-32 


33-10 


37-11 


41-35 


85 


16-69 


19-59 


22-72 


26-08 


29-67 


33-50 


37-55 


41-84 


86 


16-89 


19-82 


22-98 


26-38 


30-02 


33-89 


37-99 


42-33 


87 


17-08 


20-05 


23-25 


26-69 


30-37 


34-28 


38-44 


42-82 


88 


17-28 


20-28 


23-52 


27-00 


30-72 


34-68 


38-88 


43-32 


89 


17-48 


20-51 


23-79 


27-30 


31-07 


35-07 


39-32 


43-81 


90 


17-67 


20-74 


24-05 


27-61 


31-42 


35-47 


39-76 


44-30 


91 


17-87 


20-97 


24-32 


27-92 


31-76 


35-86 


40-20 


44-79 


92 


18-06 


21-20 


24-59 


28-23 


32-11 


36-25 


40-64 


45-29 


93 


18-26 


21-43 


24-85 


28-53 


32-46 


36-65 


41-09 


45-78 


94 


18-46 


21-66 


25-12 


28-84 


32-81 


37-04 


41-53 


46-27 


05 


18-65 


21-89 


25-39 


29-15 


33-16 


37-44 


41-97 


46-76 


96 


18-85 


22-12 


25-66 


29-45 


33-51 


37-83 


42-41 


47-26 


97 


19 05 


22-35 


25-92 


29-76 


33-86 


38-22 


42-85 


47-75 


98 


19-24 


22-58 


26-19 


30-07 


34-21 


38-62 


43-30 


48-24 


89 


19-44 


22-81 


26-46 


30-37 


34-56 


3901 


43-74 


48-73 


100 


19-64 


23-04 


26-73 


30-68 


34-91 


89-41 


4418 


49-22 


200 


39-27 


46-09 


53-45 


61-36 


69-81 


78-81 


88-36 


98-45 


800 


58-90 


69-13 


80-18 


92-04 


104-72 


118-22 


132-54 


147-67 


400 


78-54 


9218 


106-90 


122-72 


139-63 


157-62 


176-72 


196-90 


600 


98-17 


115-22 


133-63 


153-40 


174-63 


197-03 


220-90 


246-12 


eoo 


117-81 


138-26 


160-35 


18408 


209-44 


236-44 


265-07 


295-34 


700 


137-44 


161-31 


18708 


214-76 


244-35 


275-84 


309-25 


344-57 


800 


157-08 


184-35 


213-80 


245-44 


279-25 


315-25 


353-43 


393-79 


eoo 


176-71 


207-39 


240-53 


27612 


314-16 


354-65 


397-61 


443-02 


1000 


196-85 


230-44 


267-26 


306-80 


34907 


394-06 


441-79 


492-24 
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1 
« 
S 

4 

i 
« 

» 

10 

u 

19 

13 
14 
1> 



10-36 


11-43 


12-54 


13-70 


14-9^ 


1619 


17-51 


18-89 


10-91 


1203 


13-20 


14-43 


15-71 


17 04 


18-44 


19-88 


11-46 


12-63 


13-86 


15-15 


16-49 


17-90 


19-36 


20-87 


J 300 


13-23 


14-52 


15-87 


17-28 


18-75 


20-28 


21-87 


12-5* 


13-83 


16-18 


16-59 


18 06 


19-60 


21-20 


22-86 


13-09 


U-43 


15-84 


17-31 


18-85 


20-45 


2213 


23-86 


13-64 


15-03 


16-50 


1803 


19-64 


21-31 


23-04 


24-85 
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Length (feet) or 
number of Stems. 






DIAMETER ! 


IN INCHES. 


• 


10 


m 


11 


Hi 


12 


m 


13 


13i 






Cubic ob Squabb Fkbt. 


-• 


36 


19-64 


21-65 


• 
23-76 


25-97 


28-27 


30-68 


33-18 


35-78 


37 


20-18 


22-25 


24-42 


26-69 


29-06 


31-53 


3410 


36-78 


38 


20-73 


22-85 


25-08 


27-41 


29-85 


32-38 


3503 


37-77 


39 


21-27 


23-45 


25-74 


28-13 


30-63 


33-24 


35-95 


38-77 


40 


21-82 


2405 


26-40 


28-85 


31 '42 


3409 


36-87 


39-76 


41 


22-36 


24-65 


27-06 


29-57 


32-20 


34-94 


37-79 


40-75 


42 


22-91 


25-26 


27-72 


30-30 


32-99 


35-79 


38-71 


41-75 


43 


23-45 


25-86 


28-38 


31-02 


33-77 


36 65 


39-64 


42-74 


44 


24-00 


26-46 


29-04 


31-74 


34-56 


37-50 


40-56 


43-74 


45 


24-54 


27-06 


29-70 


32-46 


35-34 


38-35 


41-48 


44-73 


46 


25 09 


27-66 


30-36 


33-18 


36-13 


39-20 


42-40 


45-72 


47 


25-63 


28-26 


31-02 


33-90 


36-91 


40-05 


43-32 


46-72 


48 


26-18 


28-86 


31-68 


34-62 


37-70 


40-91 


44-24 


47-71 


49 


26-73 


29-46 


32-34 


35-34 


38-48 


41-76 


45-17 


48-71 


50 


27-27 


30-07 


33-00 


36 07 


39-27 


42-61 


46-09 


49-70 


51 


27-82 


30-67 


33-66 


36-79 


4006 


43-46 


47-01 


60-70 


59 


28-36 


31-27 


34-32 


37-51 


40-84 


44-31 


47-93 


61-69 


53 


28-91 


31-87 


34-98 


38-23 


41-63 


45-17 


48-85 


52-68 


54 


29-45 


32-47 


35-64 


3895 


42-41 


46-02 


49-77 


53-68 


55 


30-00 


33-07 


36-30 


39-67 


43-20 


46-87 


60-70 


64-67 


56 


30-54 


33-67 


36-96 


40-39 


43-98 


47-72 


61-62 


65-67 


57 


31-08 


34-28 


37 62 


41-11 


44-77 


48-58 


62-54 


56-66 


58 


31-63 


34-88 


38-28 


41-84 


45-55 


49-43 


53-46 


57-65 


59 


32 18 


35-48 


38-94 


42-56 


46-34 


50-28 


64-38 


68-65 


60 


32-73 


36-08 


39-60 


43-28 


47-12 


51-13 


65-31 


69-64 


61 


33-27 


36-68 


40-26 


44-00 


47-91 


51-98 


66-23 


60-64 


62 


33-82 


37-28 


40-92 


44-72 


48-69 


52-84 


67-15 


61-63 


63 


34-36 


37-88 


41-58 


45-44 


49-48 


53-69 


68-07 


62-62 


64 


34-91 


38-48 


42-24 


46-16 


50-27 


54-54 


68-99 


63-62 


65 


35-45 


39-09 


42-90 


46-89 


51-05 


65-39 


69-91 


64-61 


66 


36-00 


39-69 


43-56 


47-61 


51-84 


66-25 


60-84 


65-61 


67 


36 54 


40-29 


44-22 


48-33 


52-62 


67-10 


61-76 


66-60 


68 


37-09 


40-89 


44-88 


49 05 


63-41 


67-95 


62-68 


67-59 


69 


37 -63 


41-49 


45-54 


49-77 


54-19 


68-80 


6360 


68-59 


70 


38-18 


42-09 


46-20 


50-49 


54-98 


69-65 


64-52 


69-68 
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Cdbic- ot Bquau Fiet. 



800 

too 

1000 



38-72 


42-69 


46-86 


61-21 


5570 


39-27 


43-30 


47-52 


51-93 


56-55 


39-82 


43-90 


48-18 


52-66 


57-33 


40-36 


44-50 


48-84 


53-38 


58-12 


40-91 


45-10 


49-60 


54-10 


58-91 


41-45 


4570 


50-16 


54-82 


59-69 


42-00 


4G30 


50-82 


5554 


60-48 


42-54 


46-90 


51-48 


5026 


61-26 


43 09 


47-50 


52-U 


56-98 


02-05 


43-63 


48-11 


52-80 


57-70 


62-83 


44-18 


4871 


53-46 


68-43 


63-62 


44-72 


49-31 


6412 


59-15 


64-40 


45-27 


49-91 


64-78 


69-87 


6519 


45-83 


50-51 


55-44 


60-59 


65-97 


46-36 


51-11 


66-10 


61-31 


6676 


46'91 


5171 


6676 


62 03 


67-64 


47-45 


62-31 


67-42 


62-75 


68-33 


4800 


62-92 


58-08 


63-48 


69-12 


48-54 


53-52 


58-74 


64-20 


69-90 


4g'09 


64-12 


59-40 


64-92 


70-69 


49 63 


6472 


6006 


65-63 


71-47 


5018 


5532 


6072 


CG-36 


72-26 


5072 


5592 


61-38 


67-08 


73-04 


61-27 


5«52 


62-04 


67-80 


73-83 


51-81 


57 13 


6270 


68-52 


74-Sl 


5236 


67-73 


63-36 


69-25 


75-40 


52-91 


58 33 


64-02 


6997 


76-18 


53-45 


5893 


64-68 


70-69 


70-97 


54 00 


59'63 


65-34 


71-41 


7775 


E4'G1 


f*I3 


66-00 


72-13 


7854 


10908 


120 26 


13199 


144-2H 


167-08 


163-63 


180-40 


197 99 


21639 


235 C2 


2I8'17 


240-63 


263 sa 


288 52 


31416 


27271 


300-66 


329 08 


360 66 


392 70 


827-25 


360-73 


395 97 


432 79 


471'24 


881-79 


420-32 


46197 


604-92 


640-78 


436-34 


481-06 


53786 


577-05 




490-88 


64119 


693 96 


649-18 


706-86 


64e-42 


601-32 


659-95 


721-31 


r85-40 



42611 


460 88 


mol 


Gll'33 


653-05 


596-41 


696-65 


645-23 


695-81 


681-77 


737-40 


795 22 


766-99 


82968 


894-62 


8&2-21 


921-76 


994-02 



of Logs and Cylinders of given Diameter. 
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Length (feet) or 
number of Stems. 


DIAMETER IN INCHES. 


14 


14i 


15 


15h 


16 


16^ 


17 


m 


Cubic ob Squabb Fxst. 


1 

2 


107 


1-15 


1-23 


1-31 


1-40 


1-48 


1-58 


1-67 


214 


2-29 


2-45 


2-62 


2-79 


2-97 


315 


3-34 


mm 

8 


3-21 


3-44 


3-68 


3-93 


419 


4-45 


4-73 


5-01 


4 


4-28 


4-59 


4-91 


5-24 


5-59 


5-94 


6-31 


6-68 


5 


6-35 


5-73 


6-14 


6-55 


6-98 


7-42 


7-88 


8-36 


6 


6-41 


6-88 


7-36 


7-86 


8-38 


8-91 


9-46 


10-02 


7 


7-48 


8-03 


8-59 


9-17 


9-77 


10-39 


11-03 


11-69 


8 


8-55 


9-17 


9-82 


10-48 


11-17 


11-88 


12-61 


1336 


9 


9-62 


10-32 


11-04 


11-79 


12-57 


13-36 


14-19 


1603 


1^ 

10 


10-69 


11-47 


12-27 


1310 


13-96 


14-85 


15-76 


16-70 


11 


11-76 


12 61 


13-50 


14-41 


15-36 


16-33 


17-34 


18-37 


13 


12-83 


13-76 


14-73 


15-72 


16-76 


17-82 


18-92 


20-04 


13 


13-90 


14-91 


15-95 


17-03 


18-15 


19-30 


20-49 


21-71 


14 


14-97 


16-05 


17-18 


18-35 


19-55 


20-79 


22-07 


23-38 


15 


16 04 


17-20 


18-41 


19-66 


20-94 


22-27 


23-64 


25-05 


16 


17-10 


18-35 


19-63 


20-97 


22-34 


23-76 


25-22 


26-73 


17 


18-17 


19-49 


20-86 


22-28 


23-74 


25-24 


26-80 


28-40 


18 


19-24 


20-64 


22-09 


23-59 


25-13 


26-73 


28-37 


30-07 


19 


20-31 


21-79 


23 32 


24-90 


26-53 


28-21 


29-95 


31-74 


20 


21-38 


22-93 


24-54 


26-21 


27-93 


29-70 


31-53 


33-41 


21 


22-45 


24-08 


25-77 


27-52 


29-32 


31-18 


33-10 


35-08 


22 


23-52 


25-23 


27-00 


28-83 


30-72 


32-67 


34-68 


36-75 


23 


24-59 


26-38 


28-23 


3014 


32-11 


34-15 


36-25 


38-42 


24 


25-66 


27-52 


29-45 


31-45 


33-51 


35-64 


37-83 


40 09 


25 


26-73 


28-67 


30-68 


32-76 


34-91 


37-12 


39-41 


41-76 


26 


27-79 


29-82 


31-91 


34-07 


36-30 


38-61 


40-98 


43-43 


27 


28-86 


30-96 


3313 


35-38 


37-70 


40-09 


42-56 


45-10 


28 


29-93 


3211 


34-36 


36-69 


39-10 


41-58 


44-14 


46-77 


29 


3100 


33-25 


35-59 


38-00 


40-49 


43-06 


45-71 


48-44 


80 


32-07 


34-40 


36-82 


39-31 


41-89 


44-55 


47-29 


60-11 


SI 


33-14 


35-55 


38-04 


4062 


43-28 


46-03 


48-86 


61-78 


32 


34-21 


36-70 


39-27 


41-93 


44-68 


47-52 


50-44 


53-45 


83 


35-28 


37-84 


40-50 


43-24 


46-08 


49-00 


52-02 


55-12 


84 


36-35 


38-99 


41-72 


44-55 


47-47 


60-49 


53-59 


56-79 


85 


37-42 


40-14 


42-95 


45-86 


48-87 


51-97 


55-17 


58-46 



280 Tables showing the Cubic Contents, and Basal Areas, 



8| 

II 
II 






DiAMfiTEK 


IN INC UBS. 




• 


14 


14* 


15 


15* 


16 


16i 


17 


17* 


















Ji 






Cubic os SquAKi Fin. 






36 


38-48 


41-28 


4418 


4717 


50-27 


63-46 


56-76 


60-13 


37 


39 55 


42-43 


45*41 


48-48 


51-66 


64-94 


58-32 


61-80 


38 


40 62 


43-58 


46-63 


49-79 


5306 


56-43 


59-90 


63-47 


39 


41-69 


44-72 


47-86 


5M0 


54-45 


57-91 


61-47 


6514 


40 


42-76 


45-87 


49-09 


52-41 


55-85 


59-40 


63-05 


66-81 


41 


43*83 


47-02 


50-31 


53-72 


57-25 


60-88 


64-63 


68-48 


42 


44-90 


4816 


51-54 


55-04 


58 64 


62-37 


66-20 


70-15 


43 


45-97 


49-31 


52-77 


56 35 


00 04 


63 85 


67-78 


71-82 


44 


47-04 


50-46 


54-00 


57-66 


61-44 


6534 


69-36 


73-49 


45 


4811 


51-60 


55-22 


58-97 


62-83 


66-82 


70-93 


7516 


46 


4917 


52-75 


56-45 


60-28 


64-23 


68-30 


72-51 


76-84 


47 


50-24 


53-90 


57-68 


6159 


6562 


69-79 


74-08 


78-51 


48 


51-31 


55 04 


58-90 


62 90 


67 02 


71-27 


75-66 


80-18 


49 


52-38 


56-19 


60-13 


64 21 


68-42 


72-76 


77-24 


81-85 


60 


53-45 


57-34 


61-36 


6552 


69-81 


74-24 


78-81 


83-52 


51 


54-52 


58-48 


62-59 


66-83 


71-21 


75-73 


80-39 


85-19 


52 


55-59 


59-63 


63-81 


68-14 


7261 


77-21 


81-97 


86-86 


53 


56-66 


60-78 


65 01 


6945 


74-00 


78-70 


83-54 


88-53 


54 


57-73 


61-92 


66 27 


70-76 


75-40 


80-18 


85-12 


90-20 


55 


58-80 


63-07 


67-49 


7207 


76-79 


81-67 


86.-69 


91-87 


56 


59-86 


64-22 


68-72 


73-38 


78-19 


83-15 


88-27 


98-54 


57 


60-93 


65-36 


60-95 


74-69 


7959 


84-64 


89-85 


95-21 


58 


62-00 


66 51 


7118 


76-00 


80-98 


86-12 


91-42 


96-88 


59 


6307 


67-66 


7240 


77-31 


82-38 


87-01 


93 00 


98-55 


60 


64-14 


68-80 


73-63 


78-62 


83-78 


89-09 


94-58 


100-22 


61 


65-21 


69-95 


74-86 


79-93 


85-17 


90-58 


96-15 


101-89 


62 


66-28 


71-10 


76 09 


81-24 


86-57 


92 06 


97-73 


103-56 


63 


67-35 


72 24 


77-31 


82-55 


87-96 


93 55 


99-30 


105-23 


64 


68-42 


73-39 


78-54 


8386 


8936 


9503 


100-88 


106-90 


65 


69-49 


74-54 


79-77 


85-17 


90-76 


96-52 


102-46 


108-57 


66 


70-55 


75-68 


8099 


86-48 


9215 


98-00 


104-03 


110-24 


67 


71-62 


76-83 


8222 


87 79 


93-55 


9949 


105-61 


111-91 


68 


72-69 


77-98 


8345 


8910 


94-95 


100-97 


107-19 


113-58 


69 


73 76 


79-12 


84 68 


90-41 


96-34 


102-46 


108-76 


115-25 


70 


74-83 


80-27 


85-90 


91-73 


97-74 


10394 


110-34 


116-92 



of Logs and Gylinders of given Diameter. 
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-Lougth (feet) or 
Tinmber of Stems. 


DIAMET5S IN INCHES. 




14 


14i 


15 


15J 


16 


16J 


17 


17J 


• 


Cubic ob Square Feet. 1 


71 


76-90 8I-42I 


87-13 


9304 


99-13 


105-43 


111-91 


118-59 




"a 


76-97 


82-57 


88-36 


94-35 


100-63 


106-91 


113-49 


120-26 




7J 


78-04 


83-71 


89-58 


95-66 


101-93 


108-40 


1 16-07 


121-93 




74 


79-11 


84-86 


90-81 


96-97 


103-32 


109-88 


116-64 


123-60 




75 


80-18 


86-01 


92-04 


98-28 


104-72 


111-37 


118-22 


125-27 




76 


81-24 


87-15 


93-27 


99-59 


106-12 


112-85 


119-80 


126-95 




77 


82-31 


88-30 


94-49 


100-90 


107-51 


114-34 


121-37 


128-62 




71 


83-38 


89-45 


95-72 


102-21 


108-91 


115-82 


122-95 


130-29 




7! 


84-45 


90-59 


96-95 


103-52 


110-30 


117-31 


124-52 


131-96 




8( 


86-62 


91-74 


9817 


104-83 


111-70 


118-79 


126-10 


133-63 




81 


86-59 


92-89 


99-40 


106-14 


113-10 


120-28 


127-68 


135-30 




as; 


87-66 


94-03 


100-63 


107-45 


114-49 


121-76 


129-25 


136-97 




83 


88-73 


95-18 


101-86 


108-76 


115-89 


123-25 


130-83 


138-64 




84 


89-80 


96-33 


103-08 


110-07 


117-29 


124-73 


132-41 


140-31 




81 


90-87 


97-47 


104-31 


111-38 


118-68 


126-22 


133-98 


141-98 




81 


91-93 


98-62 


105-54 


112-69 


120-08 


127-70 


135-56 


143-65 




8: 


93-00 


99-77 


106-76 


114-00 


121-47 


129-19 


137-13 


145-32 




8i 


94-07 


100-91 


107-99 


115-31 


122-87 


130-67 


138-71 


146-99 




8{ 


95-14 


102-06 


109-22 


116-62 


124-27 


132-16 


140-29 


148-66 




9( 


96-21 


103-21 


110-45 


117-93 


125-66 


133-64 


141-86 


150-33 




a 


97-28 


104-35 


111-67 


119-24 


127-06 


135-12 


143-44 


152-00 




9i 


98-35 


105-50 


112-90 


120-55 


128-46 


136-61 


145-02 


153-67 




& 


99-42 


106-65 


114-13 


121-86 


129-85 


138-09 


146-59 


155-34 


> 


a 


100-49 


107-79 


115-35 


123-17 


131-25 


139-58 


14817 


157-01 




15 


101-56 


108-94 


116-58 


124-48 


132-64 


141-06 


149-74 


168-68 


1 96 


102-62 


110-09 


117-81 


125-79 


134-04 


142-55 


151-32 


160-35 


1 

97 


103-69 


111-23 


11904 


127-10 


135-44 


144-03 


152-90 


162-02 


98 


104-76 


112-38 


120-26 


128-42 


136-83 


145-62 


154-47 


163-69 


9» 


106-83 


113-53 


121-49 


129-73 


13823 


147-00 


15605 


165-36 




100 


106-90 


114-67 


122-72 


131-04 


139-63 


148-49 


157-63 


16703 




200 


213-80 


229-35 


245-44 


26207 


279 25 


296-98 


315-25 


33407 


300 


320-70 


34402 


86S-15 


893-11 


418-88 


445-47 


472-88 


601-10 


400 


427-60 


458-70 


490-87 


52414 


558-50 


593-96 


630-50 


66813 




600 


534-61 


573-37 


613-59 


65518 


69813 


742-45 


78813 


83517 




600 


641-41 


688-04 


730-31 


786-22 


837-76 


890-93 


945-75 


1002-20 




700 


748-31 


802-72 


859-03 


917-25 


977-38 


1039-42 


1103-38 


1169-23 




800 


855-21 


917-39 


981-74 


1048-29 


1117-01 


1187-91 


126100 


1336-26 




900 


96211 


103207 1104-46 
1146-74 1227-18 


1179-32 


1256-63 


1336-40 1418*63 


1503-30 




1000 


1069-01 


1310-36 


1396-26 


1484-89 1576-25 


1670-33 
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Tables showing the Cubic Contents, and Basal Areas, 


Length (feet) or 
namber of Sterna. 




DIAMETER 


IN INCHES 




• 

18 


18^ 


19 


m 


20 


20} 


21 


2« 




Cubic ob B^uabb Fbbt. 




1 


1-77 


1-87 


1-97 


2-07 


218 


2-29 


2-41 


362 


2 


3-53 


3-73 


3-94 


4-15 


4-36 


4-58 


4-81 


/•04 


3 


5-30 


5-60 


5-91 


6-22 


6-54 


6-88 


7-22 


7-66 


4 


7-07 


7-47 


7-88 


8-30 


8-73 


9-17 


9-62 


D-08 


5 


8-84 


9-33 


9-84 


10-37 


10-91 


11-46 


12-03 


:2-61 


6 


10-60 


11-20 


11-81 


12-44 


13 09 


13-75 


14-43 


1513 


7 


12-37 


13-07 


13-78 


14-52 


15-27 


16 04 


16-84 


l'-65 


8 


U-14 


14-93 


15-75 


16-59 


17-45 


18-34 


19-24 


2>-17 


9 


15-90 


16-80 


17-72 


18-66 


19-63 


20-63 


21-65 


2-69 


10 


17-67 


18-67 


19-69 


20-74 


21-82 


22-92 


24-05 


2-21 


U 


19-44 


20-53 


21-66 


22-81 


24-00 


25-21 


26-46 


^•73 


12 


21-21 


22-40 


23-63 


24-89 


26-18 


2T-51 


28-86 


D-25 


13 


22-97 


24-27 


25-60 


26-96 


28-36 


29-80 


31-27 


3-78 


14 


24-74 


2613 


27-57 


29-04 


30-54 


32-09 


33-67 


3-30 


15 


26-51 


28-00 


29-53 


31-11 


32-72 


34-38 


36-08 


^•82 


16 


28-27 


29-87 


31-50 


33-18 


34-91 


36-67 


38-48 


4)-34 


17 


3004 


31-73 


33-47 


35-26 


3709 


38-97 


40-89 


4i-86 


18 


31-81 


33-60 


35-44 


37-33 


39-27 


41-26 


43-30 


4i-38 


19 


33-58 


35-47 


37-41 


39-40 


41-45 


43-55 


45-70 


4-90 


20 


35-34 


37-33 


39-38 


41-48 


43-63 


45-84 


48-11 


5(-42 


21 


37-11 


39-20 


41-35 


43-55 


45-82 


48-13 


50-51 


5294 


22 


38-88 


41-07 


43-32 


45-63 


48-00 


50-43 


52-92 


5^7 


23 


40-64 


42-93 


45-29 


47-70 


50-18 


52-72 


55-32 


57^9 


24 


42-41 


44-80 


47-25 


49-77 


52-36 


55-01 


57-73 


60-il 


25 


44-18 


46-67 


49-22 


51-85 


54-54 


57-30 


60-13 


63-t3 


26 


45-95 


48-53 


5119 


53-92 


56-72 


59-59 


62-54 


65-55 


27 


47-71 


50-40 


53-16 


56-00 


58-90 


61-89 


64-94 


68-07 


28 


49-48 


52-27 


55-13 


58-07 


61-09 


64-18 


67-35 


70-59 


29 


51-25 


54-13 


57-10 


60-14 


63-27 


66-47 


69-75 


7311 


30 


53 01 


66-00 


59-07 


62-22 


65-45 


68-76 


72-16 


75-64 


31 


54-78 


57-87 


61-04 


64-29 


67-63 


71-06 


74-56 


78-16 


32 


56-55 


59-73 


63-01 


66-37 


69-81 


73-35 


76-97 


80-68 


33 


58-32 


61-60 


64-98 


68-44 


71-99 


75-64 


79-37 


83-20 


34 


60-08 


63-47 


66-94 


70-51 


74-18 


77-93 


81-78 


85-72 


35 


61-85 


65-33 


68-91 


72-59 


76-36 


80-22 


84-18 


88-24 



of Logs and Cylinders of gicen Diameter. 





















Si-S 


18 1 181 1 19 1 m 1 20 I 20} 1 21 1 21| 


Cubic ob S^dirb Fiet. 


36 


63-62 


67-20 


70-88 


74-66 


78-54 


82-52 


86-59 


90-76 


37 


66-38 


69-07 


72-85 


76-74 


80-72 


84-81 


89-00 


93-28 


38 


67-15 


70-93 


74-82 


78-81 


82-90 


87-10 


91-40 


95-80 


39 


68-92 


72-80 


76-79 


80-88 


85-08 


89-39 


93-81 


98-33 


40 


70-69 


74-67 


78-76 


8296 


87-27 


91-C8 


96-21 


100-85 


41 


72-45 


76-53 


80-73 


85-03 


89-45 


93-98 


98-63 


103-37 


42 


74-22 


78-40 


82-70 


87-11 


91-63 


96-27 


101-03 


105-89 


43 


75-99 


80-27 


84-66 


89-18 


93-81 


98-56 


103-43 


108-41 


44 


77-75 


82-13 


86-63 


91-35 


95-99 


100-85 


105-83 


110-93 


45 


79-52 


84-00 


88-60 


93-33 


98-17 


10314 


108-24 


113-45 


46 


81-29 


85-87 


90-57 


95-40 


100-36 


105-44 


110-64 


115-97 


47 


83-06 


87-73 


92-54 


97-47 


102-54 


107-73 


113-05 


118-50 


48 


84-82 


89-60 


94-51 


99-55 


104-72 


110-02 


115-46 


121-02 


49 


86-59 


91-47 


96-48 


101-62 


106-90 


112-31 


117-86 


123-54 


5a 


88-36 


93-33 


98-45 


103-70 


109-08 


114-61 


120-26 


126-06 


51 


90-12 


95-20 


100-42 


105-77 


111-26 


116-90 


122-67 


128-58 


52 


91-89 


97-07 


102-39 


107-84 


113-45 


119-19 


125-07 


131-10 


53 


93-66 


98-93 


104-35 


109-92 


115-63 


121-48 


127-48 


133-62 


54 


95-43 


100-80 


106-32 


111-99 


11781 


123-77 


129-89 


136-14 


55 


97-19 


10-2-67 


108-29 


114-07 


119-99 


126-07 


132-29 


138-66 


56 


98-96 


104-53 


110-26 


116-14 


12217 


128-36 


134-70 


141-19 


57 


100-73 


106-40 


112-23 


118-21 


124-35 


130-65 


137-10 


143-71 


68 


102-49 


108-27 


l]4-20 


120-29 


126-54 


132-94 


139-51 


146-23 


59 


104-26 


l]ei3 


11617 


122-36 


128-72 


135-23 


141-91 


148-75 


60 


10603 


112-00 


118-H 


124-44 


130-90 


137-53 


144-32 


151-27 


61 


107-80 


113-87 


120-11 


] 26-51 


133-08 


139-82 


146-72 


153-79 


62 


109-56 


115-73 


122-07 


128-68 


135-26 


142-11 


149-13 


156-31 


63 


111-33 


117-60 


124-04 


130-66 


137-44 


144-40 


151-53 


158-83 


64 


11310 


119-47 


12601 


132 73 


139-63 


146-70 


153-94 


161-36 


65 


114-86 


12133 


127-98 


134-81 


141-81 


148-99 


156-34 


163-88 


1 66 


116-63 


123-20 


129-95 


136-88 


143-99 


151-28 


158-75 


166-40 


1 67 


118-40 


12507 


131-92 


138-95 


146-17 


153-57 


161-15 


168-92 



284 Tables showing the Cubic GontetUs, and Ba^al Areasy 



II 

« QQ 

H 


DIAMETER IN INCHES. 


18 


m 


19 


19^ 


20 


20^ 


21 


2n 


Cubic or 8%u*u Fir. 

■ 


71 


126-47 


132-53 


139-80 


147-25 


154-90 


162-74 


170-77 


179-00 


72 


127-23 


134-40 


141-76 


149-32 


157 08 


165-03 


173-18 


181-52 


73 


129-00 


136-27 


143-73 


151-40 


159-26 


167-32 


175-59 


184-05 


74 


130-77 


138-13 


145-70 


153-47 


161-44 


169-62 


177-99 


186-57 


75 


132-54 


140-00 


147-67 


155-55 


163-62 


171-91 


180-40 


189-09 


76 


134-30 


141-87 


149-64 


157-62 


165-81 


174-20 


182-80 


191-61 


77 


136-07 


143-73 


151-Cl 


159-69 


167-99 


176-49 


185-21 


194-13 


78 


137-84 


145-60 


153-58 


161-77 


170-17 


178-78 


187-61 


196-65 


79 


131) 60 


147-47 


155-55 


163-84 


172-35 


181-08 


190-02 


199-17 


80 


141-37 


149-33 


167-52 


165-92 


174-53 


183-37 


192-42 


201-69 


81 


143-14 


151-20 


159-48 


167-99 


176-71 


185-66 


194-83 


204-22 


82 


144-91 


153-07 


161-45 


170-06 


178-90 


187-95 


197-23 


206-74 


83 


146-67 


164-93 


163-42 


172-14 


181-08 


190-25 


199-64 


209-26 


84 


148-44 


156-80 


165-39 


174-21 


183-26 


192-54 


202-04 


211-78 


85 


160-21 


158-67 


167-36 


176-28 


185-44 


194-83 


204-45 


214-30 


86 


151-97 


160-53 


169-33 


178-36 


187-62 


197-12 


206-85 


216-82 


87 


153-74 


162-40 


171-30 


180-43 


189-80 


199-41 


209-26 


219-34 


88 


155-51 


164-27 


17327 


182-51 


191-99 


201-71 


211-66 


221-86 


89 


157 28 


16613 


175-24 


184-58 


194-17 


204-00 


21407 


224-39 


90 


159-04 


16800 


177-21 


186-65 


196-35 


206-29 


216-48 


226-91 


91 


160-81 


169-87 


179-17 


188-73 


198-53 


208-58 


218-88 


229-43 


92 


162-58 


171-73 


181-14 


190-80 


200-71 


210-87 


221-29 


231-95 


93 


164-34 


173-60 


183-11 


192-88 


202-89 


213-17 


223-69 


234-47 


94 


166-11 


175-47 


185-08 


194-95 


205-08 


215-46 


226-10 


236-99 


95 


167-88 


177-33 


187-05 


197-02 


207-26 


217-75 


228-50 


239-51 


96 


169-65 


179-20 


189-02 


199-10 


209-44 


220-04 


230-91 


242-03 


97 


171-41 


181-07 


190-99 


201-17 


211-62 


222-33 


233-31 


244-55 


98 


173-18 


182-93 


192-96 


203-25 


213-80 


224-63 


235-72 


247-08 


99 


174-95 


184-80 


194-93 


205-32 


215-98 


226-92 


238-12 


249-60 


100 


176-72 


186-67 


196-90 


207-39 


218-17 


229-21 


240-53 


252-12 


200 


353 43 


873-34 


393-79 


414-79 


436 33 


458-42 


48106 


504-24 


300 


630-15 


66000 


600-69 


622 18 


654 50 


687-63 


721-58 


756-35 


400 


706-86 


746-^7 


787-58 


8^9-5S 


872-66 


916-84 


962-11 


100847 


500 


883-58 


933-34 


984-48 


1036 97 


1090-83 


1140-06 


l20:i-64 


1260-59 


600 


1060-29 


1120-01 


1181-37 


1244-36 


1309-00 


1375-27 


1443-17 


1512-71 


700 


1237-01 


1306-68 


1378-27 


145176 


152716 


16<»4-48 


1683-70 


1764-83 


800 


1413-72 


1493-34 


1575-16 


165915 


1745-33 


1833-69 


1924-22 


2016-94 


900 


1690-44 


1680-01 


177206 


1866-55 


1963-49 


2062-90 


2164-75 


2269-U6 


1000 


176716 


1866-68 


1968-95 


2073-94 2181-66 


2292-11 


2405-28 


2521-18 



of Logs 


and Cylinders of given Diameter. 




285 


31 


DIAMETER 


IN INCHES. 




22 


22i 


23 


23} 


24 


m 


25 


25J 


Cubic or SquARi Fj»t. 


1 


2-64 


2-76 


2-89 


3-01 


3-14 


3-27 


3-41 


3-55 


2 


5-28 


5-52 


5-77 


6-02 


628 


6-55 


6-82 


7-09 


3 


7-92 


8-28 


866 


9 04 


9-42 


9-82 


10-23 


10-64 


4 


10-56 


1104 


11-54 


12-05 


12-57 


13-10 


13-64 


14-19 


5 


13-20 


13-81 


14-43 


15-06 


15-71 


16-37 


17-04 


17-73 


6 


15-84 


16-57 


17-31 


18-07 


18-85 


19-64 


20-45 


21-28 


7 


18-48 


19-33 


20-20 


21-08 


21-99 


22-92 


23-86 


24-83 


8 


21-12 


22-09 


23-08 


24-10 


25-13 


26-19 


27-27 


28-37 


9 


23-76 


24-85 


25-97 


27-11 


28-27 


29-46 


30-68 


31-92 


10 


26-40 


27-61 


28-85 


30-12 


31-42 


32-74 


34-09 


35-47 


11 


29-04 


30-37 


31-74 


3313 


34-56 


36-01 


87-50 


3901 


12 


31-68 


33-13 


34-62 


36-14 


37-70 


39-29 


40-91 


42-56 


13 


34-32 


35-90 


37-51 


39-16 


40-84 


42-56 


44-31 


46-11 


14 


36-96 


3866 


4039 


42-17 


43-98 


45-83 


47-72 


49-65 


15 


39-60 


41-42 


43-28 


45-18 


47-12 


49-11 


51-13 


53-20 


16 


42-24 


44-18 


46-16 


48-19 


50-27 


52-38 


54-54 


66-74 


17 


44-88 


46-94 


49-05 


51-20 


53-41 


55-66 


57-95 


60-29 


18 


47-52 


49-70 


51-93 


54-22 


56-55 


58-93 


61-36 


63-84 


19 


50-16 


52-46 


54-82 


57-23 


5969 


62-20 


64-77 


67-38 


20 


52-80 


55-22 


57-71 


60-24 


62-83 


6548 


68-18 


70-93 


21 


55*44 


57-98 


60-59 


63-25 


65-97 


68-75 


71-59 


74-48 


22 


58-08 


60-75 


63-48 


66-27 


69-11 


72-02 


74-99 


78-02 


23 


60-72 


63-51 


66-36 


69-23 


72-26 


75-30 


78-40 


81-57 


24 


63-36 


66-27 


69-25 


72-29 


7540 


78-57 


81-81 


85-12 


25 


66-00 


69-03 


72-13 


75-30 


78-54 


81-85 


85-22 


88-66 

• 


26 


68-64 


71-79 


7502 


78-31 


81-68 


85-12 


88-63 


92-21 


27 


71-27 


74-55 


77-90 


81-33 


84-82 


88-39 


92-04 


95-76 


28 


73-91 


77-31 


80-79 


84-34 


87-96 


91-67 


95-45 


99-30 


29 


76-55 


8007 


83-67 


87-35 


91-11 


94-94 


98-86 


102-85 


30 


79-19 


82-83 


86-56 


90-36 


94-25 


98-22 


102-27 


106-40 


31 


81-83 


85-60 


89-44 


93-37 


97-39 


101-49 


105-67 


109-94 


32 


84-47 


88-36 


92-33 


96-39 


100-53 


104-76 


109 08 


113-49 


33 


87-11 


9112 


95-21 


99-40 


103-67 


108-04 


112-49 


117-04 


34 


89-75 


93-88 


93-10 


102-41 


106-81 


111-31 


115-90 


120-58 


35 


92-39 


96-64 


100-98 


105-42 


109-96 


114-58 


119-31 


124-13 



i 



286 Tables^ showing the Cubic Contents^ and Basal Areas, 



Sea 

J 



36 
37 
38 
3^ 
40 

41 
42 
43 
44 
45 

46 
47 
48 

49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 



DIAMETER IN INCHES. 



22 



22i 



23 



23i 



24 



24i 



25 



25i 



Cubic or S^uaec Fekt. 



95-03 
97-67 
00-31 
02-95 
05-59 

08-23 
10-87 
13-51 
1615 
18-79 

21-43 
24 07 
26-71 
29-35 
31-99 

34-63 
37-27 
39-91 
42-55 
45-19 

47-83 
50-47 
53-11 
55-75 
58-39 

61-03 
63-67 
66-31 
68-95 
71-59 

74-23 
76-87 
79-51 
82-15 
84-79 



99-40 
102-16 
104-92 
107-69 
110-45 

113-21 
115-97 
118-73 
121-49 
124-25 

127-01 
129-77 
132-54 
13530 
138-06 

140-82 
143-58 
146-34 
149-10 
151-86 

154-62 
157-39 
160-15 
162-91 
165-67 

168-43 
171-19 
173-95 
176-71 
179-48 

182-24 
185-00 
187-76 
190-52 
193-28 



103-87 
106-76 
109-64 
112-52 
115-41 

118-30 
121-18 
124-07 
126-95 
129-84 

132-72 
135-61 
138-49 
141-38 
14426 

147-15 
150-03 
152-92 
155-80 
158-69 

161-57 
164-46 
167-34 
170-23 
173-12 

176-00 
178-89 
181-77 
184-66 
187-54 

190-43 
193-31 
196-20 
199 08 
201-97 






108-43 
111*45 
114-46 
117-47 
120-48 

123-49 
126-51 
129-52 
132-53 
135-54 

138-55 
141-57 
144-58 
147-59 
150-60 

153-61 
156-63 
159-64 
162-65 
165-66 

168-67 
171-69 
174-70 
177-71 
180-72 

183-74 
186-75 
189-76 
192-77 
195-78 

198-80 
201-81 
204-82 
207-83 
210-84 



113-10 
116-24 
119-38 
122-52 
125-66 

128-81 
131-95 
13509 
138-23 
141-37 

144-51 
147-65 
150-80 
153-94 
157-08 

160-22 
163-36 
166-50 
169-65 
172-79 

175-93 
179-07 
182-21 
185-35 
188-50 

191-64 
194-78 
197-92 
201-06 
204-20 

207-34 
210-49 
213-63 
216-77 
219-91 



117-86 
121-13 
124-41 
127-68 
130-95 

134-23 
137-50 
140-78 
144-05 
147-32 

150-60 
153-87 
157-14 
160-42 
163-69 

166-97 
170-24 
173-51 
176-79 
18006 

183-34 
186-61 
189-88 
193-16 
196-43 

199-70 
202-98 
206-25 
209-53 
212-80 

21607 
219-35 
222-62 
225 90 
229-17 



122-72 
126-13 
129-54 
132-94 
136-35 

139-76 
143-17 
146-58 
14999 
153-40 

156-81 
160-22 
163-62 
167-03 
170-44 

173-85 
177-26 
180-67 
184-08 
187-49 

190-90 
194-30 
197-71 
•201-12 
204-53 

207-94 
211-35 
214-76 
218-17 
221-57 

224-98 
228-39 
23180 
235 21 
238-62 



127-68 
131-22 
134-77 
138-32 
141-86 

145-41 
148-96 
152-50 
156-05 
159-60 

163-14 
166-69 
170-23 
173-78 
177-33 

180-87 
184-42 
187-97 
191-61 
195-06 

198-61 
201-15 
205-70 
209-25 
212-79 

216-34 
219-89 
223-43 
226-98 
230-53 

234-07 
237-62 
241 17 
244-71 
248-26 



of Logs and Cylinders of given Diamete 


. 




26? 


i! 


DUMETE& IN INCHES. 


22 1 22H 23 1 23i 1 24 1 24H 25 1 25^ 


ti 


III 1 1 1 1 




H 


Cubic ob S^vabx Fut. 


71 


187-43 


196-04 


204-85 


213-86 


223-05 


232-44 


242 03 


251-81 


72 


190-07 


198-80 


207-74 


216-87 


226-19 


235-72 


245-44 


255-35 


73 


192-71 


201-56 


210-62 


219-88 


229-34 


238-99 


248-85 


25890 


74 


195-35 


204-33 


213-51 


222-89 


232-48 


242-26 


252-25 


262-45 


76 


197-99 


207-09 


216-39 


225-90 


235-62 


245-54 


256-66 


263-99 


76 


200-63 


209-85 


219-28 


228-92 


238-76 


248-81 


259-07 


269-54 


77 


203-27 


212-61 


222-16 


231-93 


241-90 


252-09 


262-48 


273-09 


78 


205-91 


215-37 


225-05 


234-94 


245-04 


255-36 


265-89 


276-63 


79 


208-54 


218-13 


227-93 


237-95 


248-19 


258-63 


269-30 


280-18 


80 


211-18 


220-89 


230-82 


240-96 


251-33 


261-91 


272-71 


283-72 


81 


213-82 


223-56 


233-71 


243-98 


254-47 


265-18 


276-12 


287-27 


82 


216i6 


226-42 


236-59 


246-99 


257-61 


268-46 


279-52 


290-82 


83 


219-10 


229-18 


239-48 


250-00 


260-75 


271-73 


282-93 


294-36 


84 


221-74 


231-94 


242-36 


253-01 


263-89 


275-00 


286-34 


297-91 


85 


224-38 


234-70 


245-25 


256-02 


267-04 


278-28 


289-75 


301-46 


86 


227-02 


237-46 


248-13 


259-04 


270-18 


281-55 


293-16 


305-00 


87 


229-66 


240-22 


251-02 


262-05 


273-32 


284-82 


296-57 


308-55 


88 


232-30 


242-98 


253-90 


265-06 


276-46 


288-10 


299-98 


312-10 


89 


234-94 


245-74 


256-79 


268-07 


279-60 


291-37 


303-39 


315-64 


90 


237-58 


248-50 


259-67 


271-08 


282-74 


294-65 


306-80 


31919 


91 


240-23 


251-27 


262-56 


274-10 


285-88 


297-92 


310-20 


322-74 


92 


242-86 


254-03 


265-44 


277-11 


289-03 


301-19 


313-61 


326-28 


93 


245-50 


256-79 


208-33 


280-12 


292-17 


304-47 


317-02 


329-83 


94 


248-14 


259-55 


271-21 


283-13 


295-31 


307-74 


320-43 


333 38 


95 


250-78 


262-31 


274-10 


286-14 


298-45 


311-02 


323-84 


336-92 


96 


263-42 


265-07 


276-98 


289-16 


301-59 


314-29 


327-25 


340-47 


97 


256-06 


267-83 


279-87 


292-17 


304-73 


317-56 


330-66 


344-02 


98 


258-70 


270-59 


282-75 


295-18 


307-88 


320-84 


334-07 


347-56 


99 


261-34 


27335 


285-64 


298-19 


311-02 


324-11 


337-48 


351-11 


100 


263'98 


276-12 


288-63 


801-21 


814-16 


827-39 


840-88 


864-G(J 


200 


627-96 


652-23 


677-05 


602-41 


628-32 


654-77 


681-77 


709-31 


800 


W19i 


62S-3G 


S65-6B 


903-62 


942-48 


982-16 


1022-65 


1063-97 


400 


1055-92 


1104-46 


1164-10 


1204-82 


1256-64 


1309-64 


1363-64 


1418-63 


500 


181991 


1380-68 


1442-63 


16C6'03 


167080 


1636-93 


1704-42 


1773-28 


600 


1883-89 


1666-70 


1731-15 


1807-23 


1884-95 


1964-31 


2015-30 


2127-94 


700 


1847-87 


1932-81 


2019-68 


2108-44 


2139-11 


2291-70 


238619 


2182-59 


SCO 


2111'85 


2208-93 


2308-M 


2409-64 


2513-27 


2819-08 


2727-07 


2837-25 


, 800 


237E-83 


2485-04 


2596-73 


2710-8S 


2827-43 


2946-47 


3067-96 


8191-90 


liooo 


2639-81 


2761-16 


2885 23 


a012-O5 


8141-69 


327386 


3408-84 


8S46-6S 



288 Tables shmcing the Cubic Contents, and Basal Areeui, 

I^B DIAMETEB IN INCHIS. 

Jl 26 I 26i I 27 I a7i | 28 | 28i 



of Logs and, Cylinders of given Diameter. 


• 


289 


^ 9 
11 


DIAMETER IN INCHES. 


26 


26^ 


: 27 ^ 


27J 


28 


28^ 














il 




( 


Cubic or Square Feet. 






36 


132-73 


137-89 


143-14 


148-49 


153-94 


159-48 


37 


136-42 


141-72 


147-11 


152-61 


158-21 


163-91 


38 


140-11 


145-55 


151-09 


156-74 


162-49 


168-34 


39 


143-79 


149-38 


155-07 


160-86 


166-77 


172-78 


40 


147-48 


153-21 


159-04 


164-99 


171-04 


177-21 


41 


15117 


157-04 


163-02 


169-11 


175-32 


181-64 


42 


154-85 


100-87 


167-00 


173-24 


179-59 


186-07 


43 


158-54 


104-70 


170-97 


177-36 


183-87 


190-50 


44 


162-23 


168-53 


174-95 


181-49 


188-15 


194-93 


45 


165-93 


172-36 


178-92 


185-61 


192-42 


199-36 


46 


169-60 


176-19 


182-90 


189-74 


196-70 


203-79 


47 


173-29 


180-02 


186-88 


193-86 


200-97 


208-22 


48 


176-98 


183-85 


190-85 


197-99 


205-25 


212-65 


49 


180-66 


187-68 


194-83 


202*11 


209-53 


217-08 


50 


184-35 


191-51 


198-80 


206-24 


213-80 


221-51 


51 


• 

188-04 


195-34 


202-78 


210-36 


21808 


225-94 


52 


191-72 


199-17 


206-76 


214-48 


222-35 


230-37 


53 


195-41 


203-00 


210-73 


218-61 


226-63 


234-80 


54 


199-10 


206-83 


214-71 


222-73 


23091 


239-23 


55 


202-79 


210-66 


216-68 


226-86 


23518 


243-66 


56 


206-47 


214-49 


222-66 


230-98 


239-46 


248-09 


57 


210-16 


218-32 


226-64 


235-11 


243-73 


252-52 


58 


213-85 


222-15 


230-61 


239-23 


248-01 


256-95 


59 


217-53 


225-98 


234-59 


243-36 


252-29 


261-38 


60 


221-22 


229-81 


238-56 


247-48 


256-56 


265-81 


61 


224-91 


233-64 


242-54 


251-61 


260-84 


270-24 


62 


228-59 


237-47 


246-52 


255-73 


265-12 


274-67 


63 


232-28 


241-30 


250-49 


259-86 


269-39 


279-10 


64 


235-97 


245-13 


254-47 


263-98 


273-67 


283-53 


65 


239-66 


248-96 


258-45 


268-11 


277-94 


287-96 


66 


243-34 


252-79 


262-42 


272-23 


282-22 


292-39 


67 


247-03 


256-62 


266-40 


276-35 


286-50 


29682 


68 


250-72 


260-45 


270-37 


280-48 


290-77 


301-25 


69 


254-40 


264-28 


274-35 


284-60 


295-05 


305-68 


70 


258-09 


268-11 


278-33 


288-73 


299-32 


31011 



290 Tdblea shotoing the Cubic Contents, and Basal Areas, 



^-^ o 




DIAMETER IN INCHES 


1. 




26 


26} 


27 


t 27} 


28 


28} 


tfl 








/ 






11 




Cubic ob SquARi Feet. 






71 


261-78 


271-94 


282-30 


292-85 


303-60 


314-54 


72 


265-46 


275-77 


286-28 


296-98 


307-88 


318-97 


73 


269-15 


279-60 


290-25 


301-10 


312-15 


323-40 


74 


272-84 


283-43 


294-23 


305-23 


316-42 


327-83 


75 


276-53 


287-26 


298-21 


309-35 


320-70 


332-26 


76 


280-21 


29109 


302-18 


313-48 


324 98 


336-69 


77 


283-90 


294-92 


306-16 


317-60 


329-26 


341-12 


78 


287-59 


298-75 


310-13 


321-73 


333-53 


345-55 


79 


291-27 


302-58 


31411 


325-85 


337-81 


349-98 


80 


294-96 


306-41 


318-09 


329-98 


34208 


354-41 


81 


298-65 


310-24 


32206 


334-10 


346-36 


358-84 


62 


302-33 


314-07 


326-04 


338-23 


350-64 


363-27 


83 


306 02 


317-90 


330-01 


342-35 


354-91 


367-70 


84 


309-71 


321-74 


333-99 


346-47 


359-19 


372-13 


85 


313-40 


325-57 


337-97 


350-60 


363-46 


376-56 


86 


317-08 


329-40 


341-94 


354-72 


367-74 


380-99 


87 


320-77 


333-23 


345-91 


358-85 


372 02 


385-42 


88 


324-46 


337-06 


349-90 


362-97 


376-29 


389-85 


89 


32814 


340-89 


353-87 1 


367-10 


380-57 


394-28 


90 


331-83 


344-72 


357-85 ^ 


371-22 


384-84 


398-71 


91 


335-52 


348-55 


361-82 


375-35 


38912 


40314 


92 


339-20 


352-38 


365-80 


379-47 


393-40 


407-57 


93 


342-89 


356-21 


369-78 


383-60 


397-67 


412-00 


94 


346-58 


360-04 


373-75 


387-72 


401-95 


416-43 


95 


350-27 


363-87 


377-73 


391-85 


406-22 


420-86 


96 


353-95 


367-70 


381-70 


395-97 


410-50 


425-29 


97 


357-64 


371-53 


385-68 


40010 


414-78 


429-72 


98 


361-32 


375-36 


389-66 


404-22 


419-05 


43415 


99 


365-01 


379-19 


393-63 


408-35 


423-33 


438-58 


100 
200 
300 
400 
500 


368-70 

737-40 

110610 

1474-80 

1843-51 


383-02 

766-04 

1140-05 

153207 

191509 


397-61 

795-22 

1192-82 

1590-43 

198804 


412-47 

824-94 
1237-41 
1649-88 
2062-35 


427-61 

855-21 

1282-82 

1710-42 

2138-03 


44301 

886-03 

132904 

177205 

221507 


600 
700 
800 
900 
1000 


2212-21 
258091 
2949-61 
3318-31 
868701 


229811 
2681-13 
3064-14 
344716 
883018 


2385-65 
2783-26 
3180-86 
3578-47 
397608 


24.74-82 
2887-29 
3299-76 
3712-23 
4124-70 


2565-63 
2993-24 
8420-84 
3848-45 
427605 


2658-08 
310109 
854410 
8987-12 
4430-13 



of Logs and Cylinders of given Diameter. 291 
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292 Tables showing the Giibic Contents, and Basal Area^, 



^1 




DIAKETEB 


IN INCHES. 






29 


29^ 1 


80 


30^ 


81 


31h 




n 






Cubic ob S^uabb Fbr. 









86 


16513 


170-87 


176-71 


182-65 


188-69 


194-83 




87 


169-72 


175-62 


181-62 


187-73 


193-93 


200-24 




38 


174-30 


180-37 


186-53 


192-80 


199-17 


205-65 




89 


178-89 


185-11 


191-44 


197-88 


204-42 


211-06 




40 


183-48 


189-86 


196-35 


202-95 


209-66 


216-48 




41 


188-06 


194-61 


201-26 


208-02 


214-90 


221-89 




42 


192-65 


199-35 


206-17 


213-10 


220-14 


227-30 




43 


197-24 


204-10 


211-08 


218-17 


225-38 


232-71 




44 


201-83 


208-84 


215-98 


223-24 


230-62 


23812 




45 


206-41 


213-59 


220-89 


228-32 


235-86 


243-53 




46 


211-00 


218-34 


225-80 


233-39 


241-11 


248-95 




47 


216-59 


223-08 


230-71 


238-46 


246-35 


254-36 




48 


220-17 


227-83 


235-62 


243-54 


251-59 


259-77 




49 


224-76 


232-58 


240-53 


248-61 


256-83 


265-18 




50 


229-35 


237-32 


245-44 


253-69 


262 07 


270-59 




51 


233-93 


242-07 


250-35 


258-76 


267-31 


276-01 




52 


238-52 


246-82 


255-25 


263-83 


272-55 


281-42 




53 


243-11 


251-56 


260-16 


268-91 


277-80 


286-83 




54 


247-69 


256-31 


265-07 


273-98 


28304 


292-24 




55 


252-28 


261-06 


269-98 


. 27905 

i 


288-28 


297-65 




56 


256-87 


265-80 


274-89 


284-13 


293-52 


303-07 




57 


261-46 


270-55 


279-80 


289-20 


298-76 


308-48 




58 


266-04 


275-30 


284-71 


. 294-28 


304-00 


313-89 




59 


270-63 


280-04 


289-62 


299-35 


309-24 


319-30 




60 


275-22 


284-79 


294-52 f 

i 


304-42 


314-49 


324-71 




61 


279-80 


289-53 


299-43 ' 


' 309-50 


319-73 


330-12 




62 


284-39 


294-28 


304-34 


314-57 


324-97 


335-54 




63 


288-98 


299-03 


309-25 


319-64 


330-21 


340-95 




64 


293-56 


303-77 


314-16 


324-72 


335-45 


346-36 




65 


298-15 


308-52 


319-07 


329-79 


340-69 


351-77 




66 


302-74 


313-27 


323-98 


334-87 


345-93 


357-18 




67 


307-32 


318-01 


328-89 


339-94 


351-18 


362-60 




68 


311-91 


322-76 


333-79 


345-01 


356-42 


368-01 




69 


316-50 


327-51 


338-70 


350-09 


361-66 


373-42 




70 


321-09 


332-25 


343-61 


355-16 


366-90 


378-83 
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294 Tahlei shomng the Cubic Contents, and Basal Areas, 

Ii^i DUUETEB IN IN0HE8.; 
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of Logs and Cylinders of given Diameter. 




295 


Lgth (feet) or 
Lber of StemB. 




DUUSTEB 


IN INCHES. 




32 


32^ 


33 


m 


34 


Mh 














11 






Cubic ob Square Feet. 






36 


201-06 


207-39 


213-82 


220-35 


226-98 


233-70 


37 


206-65 


21316 


219-76 


226-47 


233-28 


240-20 


38 


212-23 


218-92 


225-70 


232-60 


239-59 


246-69 


39 


217-82 


224-68 


231-64 


238-72 


245-89 


253-18 


40 


223-40 


230-44 


237-58 


244-84 


252-20 


259-67 


41 


228-99 


236-20 


243-52 


250-96 


258-50 


266-16 


42 


234-57 


241-96 


249-46 


257-08 


264-81 


272-66 


43 


240-16 


247-72 


255-40 


263-20 


271-11 


279-15 


44 


245-74 


253-48 


261-34 


269-32 


277-42 


285-64 


45 


251-33 


259-24 


267-28 


275-44 


283-72 


292-13 


46 


256-91 


265-00 


273-22 


281-56 


290-03 


298-62 


47 


262-50 


270-76 


279-16 


287-68 


296-33 


305-11 


48 


268-08 


276-53 


285-10 


293-80 


302-64 


311-61 


49 


273-67 


282-29 


291-04 


299-93 


308-94 


318-10 


50 


279-25 


288-05 


296-98 


306-05 

• 


315-25 


324-59 


51 


284-84 


293-81 


302-92 


312-17 


321-55 


331-08 


52 


290-42 


299-57 


308-86 


318-29 


327-86 


337-57 


53 


296-01 


305-33 


314-80 


324-41 


334-16 


344-07 


54 


301-59 


311-09 


320-74 


330-53 


340-47 


350-56 


55 


307-18 


316-85 


326-68 


336-65 


346-77 


357-05 


56 


312-76 


322-61 


332-62 


342-77 


353-08 


363-54 


57 


318-35 


328-37 


338-56 


348-89 


359-38 


370-03 


58 


323-93 


334-15 


344-50 


35501 


365-69 


376-52 


59 


329-52 


339-90 


350-43 


36113 


371-99 


383-02 


60 


335-10 


345-66 


356-37 


367-26 


378-30 


389-51 


65 


363-03 


374-46 


386-07 


397-86 


409-82 


421-97 


70 


390-95 


403-27 


415-77 


428-46 


441-35 


454-43 


75 


418-88 


432-07 


445-47 


459-07 


472-87 


486-89 


80 


446-80 


460-88 


475-17 


489-67 


504-40 


519-34 


85 


474-73 


489-68 


504-86 


520-28 


535-92 


551-80 


90 


502-65 


518-49 


534-56 


550-88 - 


567-45 


584-26 


95 


530-58 


547-29 


564-26 


581-49 


598-97 


616-72 


100 


658-51 


576 09 


593*96 


612-09 


630-50 


649-18 



296 


Tables ahowing the Cubic ConteiUSf 


cmd Basal Areas, 


Length (fe«t) or 
Bwnber of Stems. 




DIAMSTEB 


IN INOHBS. 




85 


m 


86 


36} 


37 


37i 


OUBIO OK SqUAXl FUT. 


1 


6-68 


6-87 


7-07 


7-27 


7-47 


7-67 


t 


13*36 


13-75 


1414 


14-53 


14-93 


15-34 


3 


20-04 


20-62 


21-21 


21-80 


22-40 


23-01 


4 


26-73 


27-49 


28-27 


29-07 


29-87 


30-68 


6 


33-41 


34-37 


35-34 


36-33 


37-33 


38-35 


6 


40-09 


41-24 


42-41 


43-60 


44-80 


46-02 


7 


46-77 


48-12 


49-48 


50-86 


52-27 


53-69 


8 


53-45 


54-99 


56-55 


58-13 


59-73 


61-36 


9 


60-13 


61-86 


63-62 


65-40 


67-20 


69-03 


10 


66-81 


68-74 


70-69 


72-66 


74-67 


76-70 


U 


73-49 


76-61 


77-75 


79-93 


82-13 


84-37 


18 


80-18 


82-48 


84-82 


87-20 


89-60 


92-04 


13 


86-86 


89-36 


91-89 


94-46 


97-07 


99-71 


14 


93-54 


96-23 


98-96 


101-73 


104-53 


107-38 


15 


100-22 


10310 


106-03 


108-99 


112-00 


115-05 


16 


106-90 


109-98 


113-10 


116-26 


119-47 


122-72 


17 


113-58 


116-85 


120-17 


123-53 


126-93 


130-39 


18 


120-26 


123-72 


127-23 


130-79 


134-40 


138-06 


19 


126-95 


130-60 


134-30 


138-06 


141-87 


145-73 


20 


133-63 


137-47 


141-37 


145-33 


149-33 


153-40 


21 


140-31 


144-35 


148-44 


152-59 


156-80 


161-07 


22 


146-99 


151-22 


155-51 


159-86 


164-27 


168-74 


23 


153-67 


158-09 


162-58 


167-12 


171-73 


176-41 


24 


160-35 


164-97 


169-65 


174-39 


179-20 


184-08 


25 


167-03 


171-84 


176-71 


181-66 


186-67 


191-75 


26 


173-71 


178-71 


183-78 


188-92 


194-13 


199-42 


27 


180-40 


185-59 


190-85 


196-19 


201-60 


207-09 


28 


187-08 


192-46 


197-92 


203-46 


209-07 


214-76 


29 


193-76 


199-33 


204-99 


210-72 


216-54 


222-43 


30 


200-44 


206-21 


212-06 


217-99 


22400 


230-10 


31 


207-12 


21308 


219-13 


225-25 


231-47 


237-77 


82 


213-80 


219-95 


226-19 


232-52 


238-94 


245-44 


33 


220-48 


226-83 


233-26 


239-79 


246-40 


253-11 


34 


227-17 


233-70 


240-33 


247-05 


253-87 


260-78 


35 


233-85 


240-58 


247-40 


254-32 


261-34 


268-45 



of Logs emd Cylinders of given Diameter, 297 
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296 Tables ahomnff the Cubic Contents, and Basal Areas, 

IB I DIAMETEB IN INCHES. I 
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of Logs a/nd Cylinders of given Diameter. 






DUMETEE IN IN0EE3. 



~1 40 I 40i 



300 


Tables showing the Cubic (Jontents, 


and Basal Areas^ 


Length (feet) or 
number of Stemfl. 




DiAiom 


IK mOHXS. 




41 


m 


43 


m 


43 


43i 


OoBio OS SqoAu FsR. 


1 


9-17 


9*39 


9*62 


9-85 


10-08 


10-32 


s 


18-34 


18-79 


19-24 


19-70 


20-17 


20-64 


3 


27-51 


2818 


28-86 


29-55 


30-25 


30-96 


4 


36-67 


37-57 


38-48 


39-41 


40-34 


41-28 


5 


45-84 


46-97 


48-11 


49-26 


50-42 


51-60 


6 


65-01 


06-36 


i7'7Z 


69-11 


60-51 


61-92 


7 


6418 


65-75 


67-35 


68-96 


70-59 


72-24 


8 


73-35 


75-15 


76-97 


78-81 


80-68 


82-56 


9 


82-52 


84-54 


86-59 


88-66 


90-76 


92-89 


10 


91-68 


9d-93 


96-21 


98-52 


100-85 


103-21 


11 


100-85 


103-33 


105-83 


108-37 


110-93 


113-53 


12 


110-02 


112-72 


115-45 


118-22 


121-02 


123-85 


13 


119-19 


122-11 


125-07 


128-07 


131-10 


134-17 


14 


128-36 


131-51 


134-70 


137-92 


14119 


144-49 


15 


137-53 


140-90 


144-32 


147-77 


151-27 


154-81 


16 


146-69 


150-29 


153-94 


157-62 


161-36 


165-13 


17 


155-86 


159-69 


163-56 


167-48 


171-44 


175-45 


18 


165-03 


169-08 


17318 


177-33 


181-52 


185-77 


19 


174-20 


178-47 


182-80 


187-18 


191-61 


196-09 


20 


183-37 


187-87 


192-42 


197-03 


201-69 


206-41 


21 


192-54 


197-26 


202-04 


206-88 


211-78 


216-73 


22 


201-70 


206-65 


211-66 


216-73 


221-86 


227-05 


23 


210-87 


216-05 


221-29 


226-59 


231-95 


237-37 


24 


220-04 


225-44 


230-91 


236-44 


242-03 


247-69 


36 


229-21 


234-84 


240-53 


246-29 


252-12 


258-02 


26 


238-38 


244-23 


250-15 


256-14 


262-20 


268-34 


27 


247-55 


253-62 


259-77 


265-99 


272-29 


278-66 


as 


256-72 


263-02 


269-39 


275-84 


282-37 


288-98 


29 


265-88 


272-41 


279-01 


285-69 


292-46 


299-30 


30 


276-05 


281-80 


288-63 


295-55 


302-54 


309-62 


31 


284-22 


291-20 


298-25 


305-40 


312-63 


319-94 


32 


293-39 


300-59 


307-88 


315-25 


322-71 


330-26 


33 


302-56 


309-98 


317-50 


325-10 


332-80 


340-58 


34 


311-73 


319-38 


327-12 


334-95 


342-88 


350-90 


35 


320-89 


328-77 


336-74 


344-80 


352-96 


361-22 



of Logs and Cylinders of given Diameter, 30 
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302 


Tables showing the Cubic Contents, 


and Basal Area^, 


fl 

n 




DIAHETER 


IN INCHES. 




44 


44 


46 


46 


47 


48 


Cubic ob S^uabb Fbr. 


1 


10-56 


10-80 


11-04 


11-54 


12-05 


12-57 


2 


21-12 


21-60 


22-09 


23-08 


24-10 


2513 


3 


31-68 


32-40 


8313 


34*62 


36-14 


37-70 


4 


42-24 


43-20 


44-18 


46-16 


48-19 


50-27 


5 


52-80 


54-00 


55-22 


57-70 


60-24 


62-83 


6 


63-36 


64-80 


66-27 


69-25 


72-29 


75-40 


7 


73-91 


75-60 


77-31 


80-79 


84-34 


87-96 


8 


84-47 


86-40 


88-36 


92-33 


96-39 


100-53 


9 


95-03 


97-21 


99-40 


103-87 


108-43 


11310 


10 


105*59 


10801 


110-45 


115-41 


120-48 


125-66 


U 


116-15 


118-81 


121-49 


126-95 


132-53 


138-23 


12 


126-71 


129-61 


132-54 


138-49 


144-58 


150-80 


13 


137-27 


140-41 


143-58 


150-03 


156-63 


163-36 


14 


147-83 


151-21 


154-63 


161-57 


168-68 


175-93 


15 


158-39 


162-01 


165-67 


173-11 


180-72 


188-50 


16 


168-95 


172-81 


176-71 


184-66 


192-77 


201-06 


17 


179-51 


183-61 


187-76 


196-30 


204-82 


213-63 


18 


190-07 


194-41 


198-80 


207-74 


216-87 


226-19 


19 


200-63 


205-21 


209-85 


219-28 


228-92 


238-76 


20 


211-18 


216-01 


220-89 


230-82 


240-96 


251-33 


21 


221-74 


226-81 


231-94 


242-36 


253-01 


263-89 


22 


232-30 


237-61 


242-98 


253-90 


265-06 


276-46 


23 


242-86 


248-41 


254-03 


265-44 


277-11 


289-03 


24 


253-42 


259-21 


26507 


276-98 


289-16 


301-59 


25 


263-98 


270-01 


276-12 


288-52 


301-21 


31416 


26 


274-54 


280-82 


287-16 


300-07 


313-25 


326-73 


27 


285-10 


291-62 


298-21 


311-61 


325-30 


339-29 


;28 


295-66 


302-42 


309-25 


323-15 


337-34 


351-86 


29 


306-22 


313-22 


320-29 


334-69 


349-40 


364-42 


30 


316-78 


324-02 


331-34 


346-23 


361-45 


376-99 


31 


327-34 


334-82 


342-38 


357-77 


373-49 


389-56 


32 


337-90 


345-62 


353-43 


369-31 


385-54 


402-12 


33 


348-45 


356-42 


364-47 


380-85 


397-59 


414-69 


34 


359-01 


367-22 


375-52 


392-39 


409-64 


427-26 


35 


369-57 


378-02 


386-56 


403-93 


421-69 


439-82 



of Logs and Gylinders of given Diameter. 
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L (feet) or 
■ of Sterna. 


* 


DIAMETER 


IN INCHES. 




44 


44} 


45 


46 


47 


48 


Lengtii 
nnmbei 














I 




Cubic ob SquABB Feet. 


» 




36 


380-13 


388-82 


397-61 


415-48 


433-74 


452-39 


37 


390-69 


399-62 


408-65 


427-02 


445-78 


464-96 


38 


401-25 


410-42 


419-70 


438-56 


457-83 


477-52 


39 


411-81 


421-22 


430-74 


450-10 


469-88 


490-09 


40 


422-37 


432-02 


441-79 


461-64 


481-93 


602-65 


41 


432-93 


442-82 


452-83 


473-18 


493-98 


515-22 


42 


443-49 


453-62 


463-88 


484-72 


506-03 


527-79 


43 


454-05 


464-42 


474-92 


496-26 


518-07 


540-35 


44 


464-61 


475-23 


485-96 


507-80 


530-12 


552-92 


45 


47517 


486-03 


497-01 


519-34 


542-17 


565-49 


46 


485-72 


496-83 


508-05 


530-89 


554-22 


57805 


47 


496-28 


507-63 


519-10 


542-43 


566-27 


590-62 


48 


506-84 


518-43 


530-14 


553-97 


578-31 


603-19 


49 


517-40 


529-23 


541-19 


565-51 


590-36 


615-75 


50 


527-96 


540-03 


552-23 


577-05 


602-41 


628-32 


51 


538-52 


550-83 


563-28 


588-59 


614-46 


640-88 


52 


549-08 


561-63 


574-32 


600-13 


626-51 


653-45 


53 


559-64 


572-43 


585-37 


611-67 


638-56 


666-02 


54 


570-13 


583-23 


596-41 


623-21 


650-60 


678-58 


55 


580-76 


594-03 


607-46 


634-75 


662-65 


691-15 


56 


591-32 


604-83 


618-50 


646-29 


674-70 


703-72 


57 


601-88 


615-63 


629-55 


667-84 


686-75 


716-28 


58 


612-44 


626-43 


640-59 


669-38 


698-80 


728-85 


59 


622-99 


637-23 


651-63 


680-92 


710-84 


741-42 


60 


633-55 


648-03 


662-68 


692-46 


722-80 


753-98 


65 


686-35 


702-04 


717-91 


750-17 


783-13 


816-81 


70 


739-15 


756-04 


77313 


807-87 


843-38 


879-65 


75 


791-94 


810-04 


828-35 


865-57 


903-62 


942-48 


80 


844-74 


864-05 


883-57 


923-28 


963-86 


1005-31 


85 


897-53 


918-05 


938-80 


980-98 


1024-10 


1068-14 


90 


950-33 


97205 


994-02 


1038-69 


1084-34 


1130-97 


95 


1003-13 


102606 


1049-24 


1096-40 


1144-58 


1193-80 


100 


1055-92 


1080-06 


1104-47 


1154-10 


1204-82 


1256-64 



304 Tables showing the Cubic Contents, and Basal Areas, 
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(feet) or 
of Stems. 




DIAMETER 


TN INCHES. 




49 


50 


51 


52 


53 


54 


Length 
number 














Cubic ob dquARB Feet. 


36 


471-43 


490-87 


510-70 


530-93 


551-66 


672-56 


37 


484-53 


504-51 


524-89 


545-68 


566-87 


588-46 


88 


497-63 


518-14 


539-08 


660-42 


582-19 


604-36 


39 


510-72 


531-78 


553-26 


575-17 


597-51 


620-27 


40 


523-82 


545-42 


567-45 


589-92 


612-83 


636-17 


41 


636-91 


559-05 


581-64 


604-67 


628-16 


652-08 


42 


550-01 


572-69 


595-82 


619-42 


643-47 


667-98 


43 


563-10 


586-32 


610-01 


634-16 


658-79 


683-88 


44 


576-20 


599-96 


624-19 


648-91 


674-11 


699-79 


45 


589-29 


613-59 


638-38 


663-66 


689-43 


715-69 


46 


602-39 


627-23 


652-57 


678-41 


704-75 


73160 


47 


615-48 


640-86 


666-75 


693-16 


720-07 


747-50 


48 


628-58 


654-50 


680-94 


707-91 


735-39 


763-41 


49 


641-68 


668-13 


695-13 


722-65 


750-71 


779-31 


50 


654-77 


681-77 


709-31 


737-40 


766-04 


795-22 


61 


667-87 


695-40 


723-50 


752-15 


781-36 


811-12 


52 


680-96 


709-04 


737-68 


766-90 


796-68 


827-02 


53 


694-06 


722-67 


751-87 


781-65 


812-00 


842-93 


54 


707-15 


736-31 


766-06 


796-39 


827-32 


858-83 


55 


720-25 


749-95 


780-24 


811-14 


842-64 


874-74 


56 


733-34 


763-58 


794-43 


825^89 


857-96 


890-64 


57 


746-44 


777-22 


808-62 


840-64 


873-28 


906-55 


58 


759-53 


790-85 


822-80 


855-39 


888-60 


922-45 


59 


772-63 


804-49 


836-99 


87013 


903-92 


938-35 


60 


785-72 


818-12 


851-17 


884-88 


919-24 


954-26 


65 


851-20 


886-30 


922-11 


958-62 


995-85 


1033-78 


70 


916-68 


954-48 


993-04 


1032-36 


1072-45 


1113-30 


75 


982-16 


1022-65 


1063-97 


1106-10 


1149-05 


1192-82 


80 


1047-63 


1090-83 


1134-90 


1179-84 


1225-66 


1272-34 


85 


111311 


1159-01 


1205-83 


1253-58 


1302-26 


1351-87 


90 


1178-59 


1227-18 


1276-76 


1327-32 


1378-86 


1431-39 


95 


1244-06 


1295-36 


1347-69 


1401-06 


1455-47 


1510-91 


100 


1309-54 


1363-54 


1418-62 


1474-80 


1632-07 


1590-43 



306 Tables showing the Cubic Contents, and Basal Areas, 
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Length (feet) or 
namber of Stems. 




DIAMETER 


IN INCHES. 




55 


56 


67 


58 


59 


60 






Cubic ob Squake Febt. 






36 


593-96 


615-75 


637-94 


660-52 


683-49 


706-86 


37 


610-46 


632-86 


655-66 


678-«7 


702-48 


726-43 


38 


626-95 


649-96 


673-38 


697-21 


721-46 


746-13 


39 


643-45 


667-06 


691-10 


715-56 


740-45 


765-76 


40 


659-95 


684-17 


708-82 


733-91 


759-44 


785-40 


41 


676-45 


701-27 


726-54 


752-26 


778-42 


805-03 


42 


692-95 ^ 


718-38 


744-26 


770-61 


797-41 


824-67 


43 


709-45 


735-48 


761-98 


788-95 


816-39 


844-30 


44 


725-95 


752-59 


779-70 


807-30 


835-38 


863-94 


45 


742-45 


769-69 


797-42 


825-65 


854-37 


883-57 


46 


758-94 


786-79 


815-14 


844-00 


873-35 


903-21 


47 


775-44 


803-90 


832^7 


862-34 


892-34 


922-84 


48 


791-94 


821-00 


850-59 


880-69 


911-32 


942-48 


49 


808-44 


838-11 


868-31 


899-04 


930-31 


962-11 


50 


824-94 


855-21 


886-03 


917-39 


949-29 


981-75 


51 


841-44 


872-31 


903-75 


935-74 


968-28 


1001-38 


52 


857-94 


889-42 


921-47 


95408 


9€7-27 


1021-02 


53 


874-44 


506-52 


939-19 


972-43 


1006-25 


1040-65 


54 


890-94 


923-63 


356-91 


990-78 


1025-24 


1060-29 


55 


907-43 


940-73 


974-63 


1009-13 


1044-22 


1079-92 


56 


923-93 


957-84 


992-35 


1027-47 


1063-21 


1099-56 


57 


940-43 


974-94 


101007 


1045-82 


1082-20 


1119-19 


58 


956-93 


992-04 


1027-79 


1064-17 


110M8 


1138-83 


59 


973-43 


1009-15 


1045-51 


1082-52 


1120-17 


1158-46 


60 


989-93 


1026-25 


1063-23 


1100-87 


1139-15 


1178-10 


65 


1072-42 


1111-77 


1151-83 


1192-60 


1234-08 


1276-27 


70 


1154-92 


1197-29 


1240-44 


1284-34 


1329-01 


1374-45 


75 


1237-41 


1282-82 


1329-04 


1376-08 


1423-94 


1472-62 


80 


1319-90 


1368^34 


i417-64 


1467-82 


1618-87 


1570-80 


85 


1402-40 


1453-86 


1506-25 


1559-56 


1613-80 


1668-97 


90 


1484-89 


1539-38 


1594-85 


1651-30 


1708-73 


1767-14 


95 


1567-39 


1624-90 


1683-45 


1743-04 


1803-66 


1865-32 


100 


1649-88 


1710-42 


1772-05 


1834-78 


1898-59 


1963-49 



INDEX. 



-to*- 



Abstract of receipts and ezpendi- 

tare, 340. 
Affectations — 

allotment of groups to, 226. 

defined, 179. 

proportional, not necessary, 226. 

size of, 180. 
Age-classes — 
^—^ area occupied by, 31. 

defined, 30. 

to correspond to periods, 223. 

AMORPnous Wood — 
apparatus for estimating con- 
tents of, 96. 
Assessment, 89. 
Austrian method, 202. 

example of, 204. 

Average-tree, «ee Sample-tree. 

Balancing, 62. 
Baur's method, 114. 

of constructing experiential 

tables, 114. 

superiority of, 118. 

tables constructed by, 121. 

Bavarian tables — 

accuracy of, 144. 

explained, 140. 

Blanks defined, 106. 
Blocks — 

defined, 83. 

formation of, 81. 

Bois de travail, corresponding En- 
glish term required, 131. 

B<X)KING — 

changes, 237. 

results, 237. 

Boundary-marks, see Ride^stones. 

Capability — 

defined, 60. 

estimate of, 60. 



Capital-outlay — 

average yearly return on, for a 

group, 66. 

on a group, 17. 

— — current return on, 62. 

defined, 62. 

Circle — 

defined, 252. 

size of, 253. 

Co-efficients — 

bole, 126. 

tree, 125. 

method of, for determining con- 
tents of groups, 136. 
Composite forest, defined, 104 

example of yield o^ 42. 

methods of determining yield 

of, 215. 
Combined method, 198. 

example of, 200. 

Compartments — 

— defined, 1. 

■ formation of, 81. 

method of, 175. 

Conversions, 243. 

general course of, 244. 

Conservators — 

duties of, 252. 

duties of assistant, 262. 

duties of deputy, 262. 

Coppice — 

defined, 103. 

example of yield of, 182. 

with standards, see Composite 

forest. 
Cost-value — 

current return on, 69. 

defined, 106. 

Cover defined, 106. 
Coupes — 

area of annual, in a model- 

forest, 29. 
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Coupes (cotUinued)^ 

defined 29 ^note). 

proportional, 177. 

Cultivation, plan of, 236v 
Curves— 

diagram illuRtrating nietkod 

o^ 117. 

method of, applied to conbinic- 

tion of experientaltable8,114. 
— table constracted by the 
method of, 121. 

to eliminate irregnlaritie» of 

heij^ht, 149. 
Cuttings— 

clean, 104 

detail-plan of main^ 231.. 

natural regeneration, 104. 

regular, 104u 

Density defined, 105. 
Determination 07 the contekts 

or groups — 
advantages of Dxaudt'» method, 

131, 135. 

by eye, 107. 

by experiential tables, 107. 

by felling one sample-tree, 122^ 

by felling one sample-tree for 

each diameter-class, 128. 
by means of size-classes and 

sample-trees, 122, 128, 148. 
by means of torm-coefftcients,, 

136. 
by means of the Bayariao, 

tables, 140. 
by means of height- and size-. 

classes, 148. 

by means of sample-areas, 150. 

choice of a method of, 152. 

Draudt's method of, 131. 

Pressler's method of, 146. 

synopsis of methods of, 106. 

Determination of height — 

of groups, 137. 

of trees, 91. 

Determination of the average 
age op trees in a group, 154. 

by Draudt's method, 155. 

— — by the method of mean yearly 

increment, 155. 

by counting annual layers, 154. 

in regular groups, 154. 

— without resorting to fellings, 

154. 



Determination of the annuait 
yield of forests composed of 
tolerably regular groups, 175. 

by the method of compart- 
ments, 175. 

by Hartig's method, 187. 

by the combined method, 198. 

by the Austrian method, 202. 

by the financial method, 206* 

by Judeich's modified form of 

the financial method, 208. 

choice of a method of, 213. 

Determination of the annual 
yield op. forests composed of 

VERY irregular GROUPS — 

for composite forest, 217. 

for primitive forest, 218. 

Determination of increment, 3^ 

157. 

by means of sample-trees, 157. 

by means of experiential tables, 

16K 
by means of Bavarian tables, 

162. 

choice of a method of, 163. 

of groups to be gradually cut 

down, ia3. 
Determination of yield, 173. 
Diameter-measure, descriptiion of, 89« 
Diflferentiation, 81. 

Division — 

— — defined, 252. 

siae of, 253. 



Estimate, see Determination.. 
Estate — 

definition of value of, 56. 

estimate of value of, 56. 

Experiential tables, 107. 

construction of, 108. 

contents of, 118. 

caution in the use of, IH. 

of ifncrement, 161. 

of thinnings^for Scots' pine, l!65. 



Financial method, 206. 
Formulating rbs^jplts, 166.. 
of examination of groups, li68. 

Geometrial progression*, 10^ 
Gouge-blazer, 107. 



Index. 
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Groups — 

assessment of, for purposes of 

taxation, 73. 

average age of trees in a, de- 
fined, 155. 

calculation of increment of, 3 

(note), 157. 

- classification of, according to 

yield, 110. 

cover of, 105. 

cubic contents of, 106. 

definition of a, 5 (note). 

- density of, 105. 
description of, 103. 

determination of the quality of 

a, 109. 

determination of age of, 154. 

determination of the average 

tree in a, 154. 

increment of, 156. 

methods of treatment of, 103. 

methods of determining the 

cubic contents of a, 106. 
mixed, 103. 

mode of measuring trees in, 

123. 

mode of recording measure- 

ments of trees in, 124. 

ratini< of, 73 

relation of cost-value to mar- 
ket-value of a, 55. 

representative, definition of, 

109 (note). 

species composing a, 103. 

table illustrating receipts from, 

and expenditure on, a, 6. 

unmixed, 103. 

value of a, 44. 

Guards, duties of, 251. 



Hartio's method — 

of constructing experiential 

tables, 112. 

of calculating annual yield, 187. 

example of, 187. 

objections to, 198. 

Height-classes — 

determination of, 148. 

elimination of irregularities in, 

149. 

form of field-book for, 124, 150. 

— " — range of, 150. 



HeIGHT-ME ASU RE — 

level, 91. 

reflecting, 93. 

theodolite, 91. 

High forest, aee Seedling-forest, 
Huber's method of constructing 
experiential tables, 111. 

objections to, 112. 

Htpsometers, see height-measures. 

Ideal-forest, see Model-forest. 
Increment — 

calculation of money, 3. 

calculation of woody, 3 (note). 

calculation of, for groups, 157. 

Index, Pressler's, 70. 
Insurance-groups, 249. 

not expedient^ 249. 

Inspector-general, duties of, 253. 
Instruments — 

required, 89. 

for making rectangular oflsets, 

151. 

Pressler's, for estimating con- 
tents of trees, 146. 

Judeioh's method, 208. 
example of, 210. 

Land, estimating value of, 17. 
Leaf-cover, see Cover. 
Logwood, defined, 131 (note). 

Maps, 80, 236. 
group, 236. 

inspection, 236. 

original, 80. 

working, 236. 

Market-value — 

current return on, 71. 

defined, 17. 

Method of compartments, 175. 
examples of, 177, 182. 

objections to, 176, 180. 

Model-forest — 

— - area occupied by age-classes 

in a, 31. 
area occupied by annual coupes 

in a, 31. 

calculation of quantity of stand- 

ing stock in a, 36. 

defined, 1. 

value of standing stock in a, 

48. 
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Normal forest, fu Model-forest. 
Nutsholz, corresponding English 
term required, 131 (note). 

< )rganiser, choice of an, 2M. 

^KGANISATIOy — 

defined, 1. 

^-^ of personnel, 251. 
Other- wood defined, 131 (note). 
Overwood, »u Composite forest. 
Outlay, «e« Capital-outlay. 

Pbriodb — 

- choice of, 224. 

defined, 179. 

length of, 179. 

Plans of operations, 222. 

contents of, 229. 

preparation of, 228. 

general, 230. 

some preliminary considera- 
tions coDcemiDg, 223. 
Possibility, 8U Capability. 
Primitive forest— 

defined, 104. 

calculation of yield of, 218. 

Primitive method — 

defined, 104. 

example of, 218. 

Productive-capital, see 

lay. 

Prospective value defined, 17. 
Protective cuttings, 225. 
example of, 192. 

Range, size of, 84, 253. 
Ranger, 84. 

duties of, 251. 

Rating of groups, 73. 

Reflecting hypsometer, description 

of, 93. 
Regimes, 103. 
Regeneration — 

plan of, 234. 

methods of, 103. 

class, 32, 40. 

Representative — 

tree, see Sample-tree. 

group defined, 109. 

Rentrformulae, 11. 
Revisions, 241. 

principal, 242- 

intermediate, 243. 



Capital-out- 



, Rkvolution — 

. defined, 7. 

I of the Liifseet mean yearly 

yield of material, 7. 

I of the largest mean yearly 

yield of money, 7, 8. 
I of the lar^t net rental, 8. 

the financial, 7, 17, 26. 

the physical, 7, 20. 

the technical, 7, 21. 

Rides— 

defined, 81. 

- danger of opening out sud- 
denly, 84. 

laying-out of, in flat country, 

82. 
laying-out of, in mountainous 

country, 83. 

main, 81. 

minor, 81. 

width of, 82. 

Bide- stones — 

description of, 86. 

object of, 86. 

to be shown on the map, 87. 

where to be placed, 87. 

Sample-areas— 

determination of contents of 

groups by means of, 150. 

choice of, 151. 

Sample-tree — 

defined, 122. 

how to find, for regular groups, 

123. 

how to find, for irregular 

groups, 128, 148. 

how to choose, 129. 

tabulation of contents of, 130. 

Standing stock — 

quantity of, in a model-forest, 

36. 

value of, in a group, 44 

value of, in a model-forest, 48. 

Stations — 

classification of, 101. 

defined, 100. 

description of, 100. 

Statement — 

of age-classes, 171. 

of areas of groups, 168. 

of boundary-marks, 171. 

of groups, 169. 



Index. 
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Statistics, collecting additional, 166. 
Seedling-forest, denned, 103. 
Selection-method, see Primitive me- 
thod. 
Series — 

defined, 29. 

selecting groups for a, 173. 

Stored-coppice, see Composite forest 
Sub-compartments — 

defined, 87. 

- limit of size of, 88. 

separation of, 87. 

-: — unification of, 227. 
Sub-division — 

defined, 262. 

size of, 253. 

Sustained yield, defined, 60. 
Survey of area — 

choice of method, 79. 

choice of scale, 80. 

Table iUustrating receipts from, 
and expenditure on, a group, 6. 



Tables — 

for finding sum of basal areas, 

268. 
of areas of circles for given 

diameters, 259. 
showing contentsof logs of given 

height and diameter at centre, 

268. 

Taxation, see Rating. 

Thinnings, 164. 

detail-plan of, 233. 

determining the yield of, 164. 

extraordinary, 227. 

tables of, for Scots' pine, 165. 

Treatment, methods of, 103. 

Underwood, see Composite forest. 
Under-forester, see Guard. 

Waste, defined, 105. 

Yearlt expenditure, 17. 

capital necessary to defray, 18. 

Yield, see Determination. 

of thinnings, see Thinnings. 



THE END. 
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